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Table S1. Search strategy to identify studies reporting the prevalence of VAD or mVAD 

Database Access date Search terms 

PubMed 5th Oct, 2022 ('vitamin a'[Title/Abstract] OR retinol[Title/Abstract] OR 

retinal[Title/Abstract] OR 'aquasol a' [Title/Abstract] OR 'night 

blindness'[Title/Abstract] OR 'Bitot’s spots'[Title/Abstract] OR 

xerophthalmia[Title/Abstract]) AND (infan* OR child* OR teen* OR 

adolescen* OR pediatric* OR paediatric*) AND 

(prevalence[Title/Abstract] OR epidemiolog*[Title/Abstract]) AND 

("2000/01/01"[Date - Publication] : "3000"[Date - Publication]) 

MEDLIN

E (1950-) 

5th Oct, 2022 1 exp Vitamin A Deficiency/ 
2 ('vitamin a' or retinol or retinal or 'aquasol a' or 'night blindness' 

or 'Bitot spots' or xerophthalmia).ab,ti. 

3 (infan* or child* or teen* or adolescen* or pediatric* or 

paediatric*).ab,ti. 

4 (prevalen* or epidemiolog*).ab,ti. 

5 1 or 2 

6 3 or 4 

7 5 and 6 

8 limit 7 to (humans and yr="2000 -Current" and medline) 

EMBASE 

(1980-) 

5th Oct, 2022 1 ('vitamin a deficiency':ab,ti OR 'vitamin a':ab,ti OR retinol:ab,ti 

OR retinal:ab,ti OR 'aquasol a':ab,ti OR 'night blindness':ab,ti OR 

'Bitot’s spots':ab,ti OR xerophthalmia:ab,ti) 
2 (infan*:ab,ti OR child*:ab,ti OR teen*:ab,ti OR adolescen*:ab,ti 

OR pediatric*:ab,ti OR paediatric*:ab,ti) 

3 (prevalen*:ab,ti or epidemiolog*:ab,ti) 

4 #1 AND #2 AND #3 

6 #4 AND (2000:py OR 2001:py OR 2002:py OR 2003:py OR 

2004:py OR 2005:py OR 2006:py OR 2007:py OR 2008:py OR 2009:py 

OR 200:py OR 2011:py OR 2012:py OR 2013:py OR 204:py OR 

2015:py OR 2016:py OR 2017:py OR 2018:py OR 2019:py OR 2020:py 

OR 2021:py OR 2022:py OR) AND [embase]/lim AND ‘human’/de 

AND ‘article’/it 
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Table S2. The time lag between investigation and publication in the included articles (n=116) 

Study ID Author(s) 
Year of 

publication 

Year of 

investigation 

Time-lag 

(year) 

V1 Disalvo L, et al.[1] 2019 2011 8 

V2 Onoja US, et al.[2] 2019 2017 2 

V3 Hanson C, et al.[3] 2018 2018 0 

V4 Ayogu R, et al.[4] 2018 2018 0 

V5 Pouraram H et al.[5] 2018 2013 5 

V6 Abolurin OO, et al.[6] 2018 2016 2 

V7 Lima DB, et al.[7] 2018 2006 12 

V8 Chyne D, et al.[8] 2017 2014 3 

V9 Longvah T, et al.[9] 2017 2013 4 

V10 Alaofè H, et al.[10] 2017 2014 3 

V11 Rahman S, et al.[11] 2017 2012 5 

V12 Alouache A, et al.[12] 2017 2009 8 

V13 Ayogu RN, et al.[13] 2016 NA NA 

V14 Wei X ,et al.[14] 2016 NA NA 

V15 Villalpando, et al.[15] 2015 2012 3 

V16 Talsma EF, et al.[16] 2015 2010 5 

V17 Marasinghe E, et al.[17] 2015 NA NA 

V18 Sandjaja, et al.[18] 2015 2011 4 

V19 Faber M, et al.[19] 2015 2011 4 

V20 Konstantyner T, et al.[20] 2014 2006 8 

V21 Herrador Z, et al.[21] 2014 2009 5 

V22 Ribeiro-Silva RC, et al.[22] 2014 2009 5 

V23 Martínez-Torres J, et al.[23] 2014 2010 4 

V24 Dong C, et al.[24] 2014 2009 5 

V25 Rohner F, et al.[25] 2014 2007 7 

V26 Rojroongwasinkul N, et al.[26] 2013 2011 2 

V27 Poh BK, et al.[27] 2013 2011 2 

V28 Queiroz D, et al.[28] 2013 2007 6 

V29 Laillou A, et al.[29] 2012 2010 2 

V30 Hotz C, et al.[30] 2012 2009 3 

V31 Laxmaiah A, et al.[31] 2012 2004 8 

V32 Van Stuijvenberg ME, et al.[32] 2012 2008 4 

V33 Engle-Stone R, et al.[33] 2011 NA NA 

V34 Temple VJ, et al.[34] 2011 2008 3 

V35 Arlappa N, et al.[35] 2011 2003 8 

V36 Arlappa N, et al.[36] 2011 2003 8 

V37 Fares S, et al.[37] 2011 NA NA 

V38 Durán P, et al.[38] 2011 2005 6 

V39 Dillon D, et al.[39] 2010 2001 9 

V40 Custodio VI, et al.[40] 2009 2004 5 

V41 Khatib IMD, et al.[41] 2009 2004 5 
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Study ID Author(s) 
Year of 

publication 

Year of 

investigation 

Time-lag 

(year) 

V42 Tatala SR, et al.[42] 2008 1996 12 

V43 Jiang JX, et al.[43] 2008 2000 8 

V44 Calis JCJ, et al.[44] 2008 2003 5 

V45 Al-Mekhlafi MH, et al.[45] 2007 2004 3 

V46 Yang R, et al.[46] 2007 2006 1 

V47 Khan NC, et al.[47] 2007 NA NA 

V48 Jiang J, et al.[48] 2006 2000 6 

V49 Hix J, et al.[49] 2006 2001 5 

V50 Maziya-Dixon B.B, et al.[50] 2006 2001 5 

V51 Thurlow R.A, et al.[51] 2005 2002 3 

V52 Santos M.A, et al.[52] 2005 NA NA 

V53 Nasri I, et al.[53] 2004 NA NA 

V54 Coles C.L, et al.[54] 2004 1996 8 

V55 Gamble M.V, et al.[55] 2004 1994 10 

V56 Yamamura C.M, et al.[56] 2004 1993 11 

V57 Villalpando S, et al.[57] 2003 1999 4 

V58 Adelekan D.A, et al.[58] 2003 1997 6 

V59 Oso O.O, et al.[59] 2003 1993 10 

V60 Palafox N.A, et al.[60] 2003 1995 8 

V61 Tan Z, et al.[61] 2002 2000 2 

V62 Schémann J.F, et al.[62] 2002 1997 5 

V63 Swami H.M, et al.[63] 2001 2000 1 

V64 
Centers for Disease Control 

Prevention[64] 
2001 2000 1 

V65 Kassaye T, et al.[65] 2001 1997 4 

V66 
Centers for Disease Control 

Prevention[66] 
1999 1999 0 

V67 Ferraz I.S, et al.[67] 2000 1997 3 

V68 Li X.C, et al.[68] 2020 2009 11 

V69 Zhang Z, et al.[69] 2018 2016 2 

V70 Gubert M.B, et al.[70] 2016 2006 10 

V71 Jin C, et al.[71] 2016 2015 1 

V72 Pajuelo J, et al.[72] 2015 2009 6 

V73 De Moura F.F, et al.[73] 2015 2011 4 

V74 Kurihayashi A.Y, et al.[74] 2015 2013 2 

V75 Augusto R.A, et al.[75] 2015 2007 8 

V76 Peng R, et al.[76] 2014 2012 2 

V77 de Paula W.K, et al.[77] 2014 2006 8 

V78 Rohner F, et al.[78] 2013 2008 5 

V79 Miglioli T.C, et al.[79] 2013 2006 7 

V80 Fan P, et al.[80] 2012 2009 3 

V81 Garcia M.T, et al.[81] 2011 2007 4 

V82 Midyat L, et al.[82] 2011 2006 5 
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Study ID Author(s) 
Year of 

publication 

Year of 

investigation 

Time-lag 

(year) 

V83 Azevedo M.M, et al.[83] 2010 2007 3 

V84 Demissie T, et al.[84] 2010 2006 4 

V85 Khatib I.M., et al.[85] 2009 NA NA 

V86 Durán P, et al.[86] 2009 2005 4 

V87 Maslova E, et al.[87] 2009 2006 3 

V88 Leal J.Y, et al.[88] 2007 2007 0 

V89 Graebner I.T, et al.[89] 2007 2003 4 

V90 Poveda E, et al.[90] 2007 2007 0 

V91 de Souza V.D.S.L, et al.[91] 2007 2002 5 

V92 Zhang Y, et al.[92] 2007 2002 5 

V93 Faruque A.S, et al.[93] 2006 1998 8 

V94 Paiva A.A, et al.[94] 2006 NA NA 

V95 Li J.H, et al.[95] 2006 2002 4 

V96 Ahmed F, et al.[96] 2006 2000 6 

V97 Ferraz I.S, et al.[97] 2005 2000 5 

V98 Monge-Rojas R, et al.[98] 2005 NA NA 

V99 Sibeko L.N, et al.[99] 2004 2000 4 

V100 Martins M.C, et al.[100] 2004 1998 6 

V101 Castejon H.V, et al.[101] 2004 2004 0 

V102 Mi J, et al.[102] 2003 2001 2 

V103 Lin L, et al.[103] 2002 2000 2 

V104 
Amaya-Castellanos D, et 
al.[104] 

2002 NA NA 

V105 Oelofse A, et al.[105] 2002 1998 4 

V106 Jinabhai C.C, et al.[106] 2001 NA NA 

V107 Dijkhuizen M.A, et al.[107] 2001 1996 5 

V108 Albalak R, et al.[108] 2000 1996 4 

V109 Gowele VF, et al.[109] 2021 2016 5 

V110 Reddy GB, et al.[110] 2022 2017 5 

V111 De Castro IRR, et al.[111] 2021 2014 7 

V112 Reddy GB, et al.[112] 2021 2017 4 

V113 Tian T, et al.[113] 2022 2017 5 

V114 Janmohamed A, et al.[114] 2020 2017 3 

V115 Shan X, et al.[115] 2021 2016 5 

V116 Ernawati F, et al.[116] 2021 2011 10 

Note: The average time-lag between investigation and publication was 4.84 based on 103 articles with 

available data.  
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Table S3. Quality assessment scale for rating the risk of bias 

Bias type Low risk (score=2) Moderate risk (score=1) High risk (score=0) 

Selection (sample 

population) 

1) Sample from the 

general population, not 

a select group; 

2) Consecutive 

unselected population; 
3) Rationale for case and 

control selection 

explained. 

1) Sample selected from 

large population but 

selection criteria not 

defined; 

2) Sample selection 

ambiguous but may be 

representative; 
3) Rationale for cases and 

controls not explained; 

4) Eligibility criteria not 

explained; 

5) Analysis to adjust for 

sampling strategy bias. 

1) Highly select 

population making it 

difficult to generalise 

finding; 

2) Sample selection 
ambiguous and 

sample unlikely to be 

representative. 

Selection (sample 

size) 

1) Sample size 

calculation performed 

and adequate. 

1) Sample size calculation 

performed and reasons 

for not meeting sample 

size given; 

2) Sample size calculation 

not performed but all 

eligible persons studied. 

1) Sample size 

estimation unclear or 

only sub-sample 

studied. 

Selection 

(participation 

rate)  

1) High response rate 

(>85%). 

1) Moderate response rate 

(70-85%). 

1) Low response rate 

(<70%); 

2) Response rate not 

reported. 

Performance bias 

(outcome 
assessment)  

1) Diagnosis using 

consistent criteria and 
direct examination. 

1) Assessment from 

administrative database 

or register; 
2) Assessment from 

hospital record or 

interviewer. 

1) Assessment from 

non-validated data or 

generic estimate from 
the overall 

population. 

Performance bias 

(analytical 

methods to 

control for bias) 

1) Analysis appropriate 

for the type of sample 

(subgroup 

analysis/regression 

etc.). 

1) Analysis does not 

account for common 

adjustment. 

1) Data confusing. 
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Table S4. Age-adjusted meta-regression models of cluster-level factors related to the prevalence 

of VAD and mVAD (logit form) 

Moderator 
Number of 

articles 

Number of 

data points 
β 95 % CI P value 

VAD 

Age (crude) 115 257 -0.0579 -0.0654 -0.0505 <0.0001 

Proportion of girls 90 192 -0.0467 -0.0882 -0.0053 0.027 

Sex       

 Girl 29 37 Reference    

 Boy 30 38 0.0469 0.0055 0.0884 0.0264 

Setting       

 Rural 33 77 Reference    

 Urban 23 46 -0.3359 -0.3992 -0.2727 <0.0001 

SDI 115 257 -4.8503 -6.6723 -3.0284 <0.0001 

Development Region       

 High-middle SDI 64 152 Reference    

 Low-middle and low SDI 51 105 0.713 0.1378 1.2883 0.0151 

WHO region       

 WPR 30 78 Reference    

 AFR 27 54 1.1659 0.3345 1.9973 0.006 
 AMR 31 68 0.187 -0.703 1.0771 0.6805 
 SEAR 20 45 0.4193 -0.5095 1.348 0.3762 
 EUR 2 2 0.1082 -1.7339 1.9502 0.9084 
 EMR 5 10 0.2178 -1.0524 1.488 0.7368 

Investigation period       

 Before 2000 19 41 Reference    

 2000-2009 61 148 -1.1451 -1.7372 -0.5529 0.0002 
 2010 and later 35 68 -1.4466 -2.0789 -0.8143 <0.0001 

Test       

 HPLC 99 218 Reference    

 Other/mixed 16 39 -0.2173 -0.8474 0.4128 0.4991 

Investigation site       

 Community-based 72 175 Reference    

 Facility-based 43 82 -0.0968 -0.5754 0.3819 0.6919 

mVAD 

Age (crude) 40 86 -0.0302 -0.0444 -0.0159 <0.0001 

Proportion of girls 35 84 -0.1056 -0.2251 0.0139 0.0833 

Sex       

 Girl 10 12 Reference   

 Boy 11 13 0.1044 -0.0149 0.2236 0.0863 

Setting       

 Rural 7 24 Reference   

 Urban 7 13 -1.0478 -1.1395 -0.956 <0.0001 

SDI 40 86 -1.5359 -4.4351 1.3633 0.2991 

WB Region       

 High-middle SDI 29 68 Reference   

 Low-middle and low SDI 11 18 0.3027 -0.428 1.0333 0.4168 

WHO region       

 WPR 17 51 Reference   

 AFR 3 3 -0.5165 -2.0406 1.0077 0.5066 
 AMR 12 20 -0.4664 -1.5413 0.6085 0.395 
 SEAR 5 8 -0.6579 -1.9952 0.6793 0.3349 
 EUR 1 1 0.2284 -2.1679 2.6248 0.8518 
 EMR 2 3 -0.0069 -1.7734 1.7597 0.9939 

Investigation period       
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Moderator 
Number of 

articles 

Number of 

data points 
β 95 % CI P value 

 Before 2000 5 10 Reference   

 2000-2009 22 60 -0.4329 -1.461 0.5953 0.4093 
 2010 and later 13 16 -0.3193 -1.41 0.7714 0.5661 

Test       

 HPLC 35 76 Reference   

 Other/mixed 5 10 0.5246 -0.4143 1.4636 0.2735 

Investigation site       

 Community-based 22 58 Reference   

 Facility-based 18 28 0.0034 -0.6385 0.6454 0.9916 

Note: VAD= Vitamin A Deficiency; mVAD= Marginal Vitamin A Deficiency; SDI= Socio-demographic Index; 
AFR=African Region. AMR=Region of the Americas. EMR=Eastern Mediterranean Region. EUR=European 
Region; HPLC=High-performance liquid chromatography.
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Table S5. Detailed characteristics of the included articles (n=116) 

ID Author 
Year 

Published 
Country 

WHO 

region 

WB 

region 
SDI Setting 

Study 

year 

Survey 

base 
Test 

Tested 

sample 

No. of 

VAD 

cases 

No. of 

mVAD 

cases 

Age 

range 

Age-specific 

estimate 

Sex-specific 

estimate 

V1 
Disalvo 
L, et 
al.[1] 

2019 Argentina AMR UMIC 0.67 Urban 2011 
Commun
ity-based  

UFLC 624 152 358 1-6y Yes Yes 

V2 
Onoja 
US, et 
al.[2] 

2019 Nigeria AFR LMIC 
0.50
3 

Both 2017 
School-
based 

NS 174 69 NS 10-19y Yes Yes 

V3 

Hanson 

C, et 
al.[3] 

2018 Nigeria AFR LMIC 0.51 Mixed 2018 
Health 
check 

HPLC 74 61 12 0-7d No No 

V4 
Ayogu R, 
et al.[4] 

2018 Nigeria AFR LMIC 0.51 Rural 2018 
School-
based 

HPLC 90 46 NS 6-15y No No 

V5 
Pouraram 
H et 
al.[5] 

2018 Iran EMR UMIC 0.64 Both 2013 
Commun
ity-based  

HPLC 4261 790 NS 15-23m No Yes 

V6 

Abolurin 

OO, et 
al.[6] 

2018 Nigeria AFR LMIC 
0.49
5 

Mixed 2016 
Health 
check 

HPLC 170 9 NS 6-59m Yes Yes 

V7 
Lima DB, 
et al.[7] 

2018 Brazil AMR UMIC 
0.56
6 

Both 2006 
Commun
ity-based  

HPLC 3417 598 NS 6-59m Yes Yes 

V8 
Chyne D, 
et al.[8] 

2017 India SEAR LMIC 
0.51
5 

Rural 2014 
Commun
ity-based  

Precoded 
special 
chromatog
raphy 
filter 

paper 
(Whatman
® #1) 

197 116 NS 1-5y No Yes 

V9 
Longvah 
T, et 
al.[9] 

2017 India SEAR LMIC 
0.50
4 

Rural 2013 
Commun
ity-based  

HPLC 227 74 NS 1-5y No Yes 

V10 
Alaofè H, 
et al.[10] 

2017 Benin AFR LMIC 
0.31
8 

Rural 2014 
Commun
ity-based  

HPLC+E
LISA 

626 210 NS 6-59m No No 

V11 
Rahman 
S, et 
al.[11] 

2017 
Banglade
sh 

SEAR LMIC 
0.42
5 

Both 2012 
Commun
ity-based  

HPLC 873 179 491 6-59m Yes No 
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ID Author 
Year 

Published 
Country 

WHO 

region 

WB 

region 
SDI Setting 

Study 

year 

Survey 

base 
Test 

Tested 

sample 

No. of 

VAD 

cases 

No. of 

mVAD 

cases 

Age 

range 

Age-specific 

estimate 

Sex-specific 

estimate 

V12 
Alouache 
A, et 

al.[12] 

2017 Algeria AFR LMIC 
0.59
3 

Urban 2009 
Commun
ity-based  

HPLC 102 6 NS 41-72m Yes No 

V13 
Ayogu 
RN, et 
al.[13] 

2016 Nigeria AFR LMIC 0.46 Urban NS 
School-
based 

TFA 50 22 NS 12-18y Yes No 

V14 
Wei X ,et 
al.[14] 

2016 China WPR UMIC 
0.63
8 

Urban NS 
Commun
ity-based  

HPLC 1928 53 274 7-11y No No 

V15 
Villalpan
do, et 

al.[15] 

2015 Mexico AMR UMIC 
0.61
7 

Both 2012 
Commun
ity-based  

HPLC 5693 478 NS 1-11y Yes No 

V16 
Talsma 
EF, et 
al.[16] 

2015 Kenya AFR LMIC 
0.44
1 

Rural 2010 
School-
based 

HPLC 372 68 NS 6-12y No No 

V17 
Marasing
he E, et 
al.[17] 

2015 Sri Lanka SEAR LMIC 
0.63
6 

Urban NS 
Commun
ity-based  

HPLC 340 130 NS 2-5y No Yes 

V18 
Sandjaja, 

et al.[18] 
2015 Indonesia SEAR LMIC 

0.60

1 
Rural 2011 

Commun

ity-based  
HPLC 504 77 NS 6m-12y No No 

V19 
Faber M, 
et al.[19] 

2015 
South 
Africa 

AFR UMIC 
0.64
7 

Both 2011 
Commun
ity-based  

HPLC 747 78 NS 1.5-6y No No 

V20 
Konstant
yner T, et 
al.[20] 

2014 Brazil AMR UMIC 
0.56

6 
Both 2006 

Commun

ity-based  
NS 1396 225 NS 0-2y Yes Yes 

V21 
Herrador 
Z, et 

al.[21] 

2014 Ethiopia AFR LIC 
0.23
3 

Both 2009 
Commun
ity-based  

HPLC 663 194 NS 7-15y No No 

V22 
Ribeiro-
Silva RC, 
et al.[22] 

2014 Brazil AMR UMIC 
0.58
3 

Urban 2009 
School-
based 

HPLC 546 49 103 7-14y No No 

V23 
Martínez-
Torres J, 
et al.[23] 

2014 Colombia AMR UMIC 
0.57
4 

Both 2010 
Commun
ity-based  

HPLC 4244 1151 NS 12-59m Yes Yes 

V24 
Dong C, 
et al.[24] 

2014 China WPR UMIC 
0.61
1 

Rural 2009 
Commun
ity-based  

HPLC 268 32 50 24-60m Yes Yes 

V25 
Rohner F, 
et al.[25] 

2014 
Côte 
d'Ivoire 

AFR LMIC 
0.33
3 

Both 2007 
Commun
ity-based  

ELISA 782 188 NS 5-59m No No 
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ID Author 
Year 

Published 
Country 

WHO 

region 

WB 

region 
SDI Setting 

Study 

year 

Survey 

base 
Test 

Tested 

sample 

No. of 

VAD 

cases 

No. of 

mVAD 

cases 

Age 

range 

Age-specific 

estimate 

Sex-specific 

estimate 

V26 

Rojroong
wasinkul 

N, et 
al.[26] 

2013 Thailand SEAR UMIC 
0.64

3 
Both 2011 

Commun

ity-based  
HPLC 628 212 17 

0.5-

12.9y 
Yes No 

V27 
Poh BK, 
et al.[27] 

2013 Malaysia WPR UMIC 
0.69
8 

Both 2011 
Commun
ity-based  

HPLC 1765 77 NS 6m-12y Yes Yes 

V28 
Queiroz 
D, et 
al.[28] 

2013 Brazil AMR UMIC 
0.57
2 

Urban 2007 
Commun
ity-based  

HPLC 1211 265 652 6-59m Yes Yes 

V29 

Laillou 

A, et 
al.[29] 

2012 Vietnam WPR LMIC 
0.54
9 

Both 2010 
Commun
ity-based  

HPLC 546 55 258 6-75m Yes No 

V30 
Hotz C, 
et al.[30] 

2012 Zambia AFR LMIC 
0.40
7 

Rural 2009 
Commun
ity-based  

HPLC 574 273 NS 2-5y No No 

V31 
Laxmaiah 
A, et 
al.[31] 

2012 India SEAR LMIC 
0.42
1 

Rural 2004 
Commun
ity-based  

HPLC 71591 1647 NS 1-4y Yes Yes 

V32 

Van 

Stuijvenb
erg ME, 
et al.[32] 

2012 
South 
Africa 

AFR UMIC 
0.63
2 

Mixed 2008 
Health 
check 

HPLC 243 14 NS 1-6y No No 

V33 
Engle-
Stone R, 
et al.[33] 

2011 
Cameroo

n 
AFR LMIC 0.39 Both NS 

Commun

ity-based  
HPLC 838 277 NS 12-59m No Yes 

V34 
Temple 
VJ, et 

al.[34] 

2011 
Papua 
New 

Guinea 

WPR LMIC 
0.34
8 

Urban 2008 
Health 
check 

HPLC 132 35 37 6-59m Yes Yes 

V35 
Arlappa 
N, et 
al.[35] 

2011 India SEAR LMIC 
0.41
4 

Rural 2003 
Commun
ity-based  

HPLC 590 354 NS 3-5y Yes Yes 

V36 
Arlappa 
N, et 
al.[36] 

2011 India SEAR LMIC 
0.41
4 

Rural 2003 
Commun
ity-based  

HPLC 407 358 NS 1y-5y Yes Yes 

V37 
Fares S, 
et al.[37] 

2011 Tunisia EMR LMIC 
0.59
9 

Both NS 
School-
based 

HPLC 6677 154 1135 5-7y Yes No 

V38 
Durán P, 
et al.[38] 

2011 Argentina AMR UMIC 
0.64
9 

Mixed 2005 
Commun
ity-based  

HPLC 32474 4644 195 6m-5y No No 
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ID Author 
Year 

Published 
Country 

WHO 

region 

WB 

region 
SDI Setting 

Study 

year 

Survey 

base 
Test 

Tested 

sample 

No. of 

VAD 

cases 

No. of 

mVAD 

cases 

Age 

range 

Age-specific 

estimate 

Sex-specific 

estimate 

V39 
Dillon D, 
et al.[39] 

2010 Indonesia SEAR LMIC 
0.53
7 

Mixed 2001 
School-
based 

HPLC 54 10 NS 6-12y No Yes 

V40 
Custodio 
VI, et 
al.[40] 

2009 Brazil AMR UMIC 
0.55
6 

Mixed 2004 
Health 
check 

HPLC 103 6 21 5.5-11y Yes Yes 

V41 
Khatib 
IMD, et 
al.[41] 

2009 Jordan EMR UMIC 0.63 Rural 2004 
Health 
check 

HPLC 262 66 138 6-66m No Yes 

V42 
Tatala 
SR, et 

al.[42] 

2008 Tanzania AFR LMIC 
0.28
4 

Mixed 1996 
School-
based 

HPLC 798 255 28 7-14y Yes No 

V43 
Jiang JX, 
et al.[43] 

2008 China WPR UMIC 
0.52
5 

Both 2000 
Commun
ity-based  

NS 1236 97 373 0-71m Yes No 

V44 
Calis JCJ, 
et al.[44] 

2008 Malawi AFR LIC 0.26 Both 2003 
Commun
ity-based  

HPLC 262 172 NS 6-60m No No 

V45 

Al-
Mekhlafi 
MH, et 

al.[45] 

2007 Malaysia WPR UMIC 
0.65
9 

Rural 2004 
Commun
ity-based  

HPLC 281 71 NS 2-15y Yes Yes 

V46 
Yang R, 
et al.[46] 

2007 China WPR UMIC 
0.58
1 

Both 2006 
Commun
ity-based  

HPLC 357 11 26 0-59m No Yes 

V47 
Khan NC, 
et al.[47] 

2007 Vietnam WPR LMIC 
0.49
3 

Mixed NS 
Commun
ity-based  

HPLC 1657 199 NS 0-5y No No 

V48 
Jiang J, et 
al.[48] 

2006 China WPR UMIC 
0.52
5 

Both 2000 
Commun
ity-based  

HPLC 7826 957 3140 1-6y Yes NO 

V49 
Hix J, et 
al.[49] 

2006 

 

Cambodi
a 

WPR LMIC 
0.32
8 

Mixed 2001 
Commun
ity-based  

HPLC 359 80 NS 6-59m NO NO 

V50 

Maziya-
Dixon 
B.B, et 
al.[50] 

2006 Nigeria AFR LMIC 
0.35
6 

Both 2001 
Commun
ity-based  

HPLC 3099 882 NS 0-5y NO NO 

V51 
Thurlow 
R.A, et 
al.[51] 

2005 Thailand SEAR UMIC 
0.59
4 

Rural 2002 
School-
based 

HPLC 481 19 NS 6-12.9y NO NO 
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ID Author 
Year 

Published 
Country 

WHO 

region 

WB 

region 
SDI Setting 

Study 

year 

Survey 

base 
Test 

Tested 

sample 

No. of 

VAD 

cases 

No. of 

mVAD 

cases 

Age 

range 

Age-specific 

estimate 

Sex-specific 

estimate 

V52 
Santos 
M.A, et 

al.[52] 

2005 Brazil AMR UMIC 
0.54
3 

Rural NS 
School-
based 

Spectroph
otometric 

method 

241 70 NS 6-14y NO NO 

V53 
Nasri I, et 
al.[53] 

2004 Morocco EMR LMIC 
0.40
9 

Mixed NS 
Commun
ity-based  

HPLC 1453 587 NS 6-72m NO NO 

V54 
Coles 
C.L, et 
al.[54] 

2004 Israel EUR HIC 
0.74
2 

Mixed 1996 
Health 
check 

HPLC 117 18 47 0-18m NO NO 

V55 
Gamble 
M.V, et 

al.[55] 

2004 
Marshall 
Islands 

WPR UMIC 
0.42
3 

Mixed 1994 
Commun
ity-based  

HPLC 367 201 NS 1-5y NO NO 

V56 
Yamamur
a C.M, et 
al.[56] 

2004 
Micrones
ia 

WPR LMIC 
0.46
5 

Rural 1993 
Commun
ity-based  

HPLC 354 189 NS 24-48m No No 

V57 
Villalpan
do S, et 
al.[57] 

2003 Mexico AMR UMIC 
0.55
8 

Both 1999 
Commun
ity-based  

HPLC 1709 NS NS 1-12y No No 

V58 

Adelekan 

D.A, et 
al.[58] 

2003 Nigeria AFR LMIC 
0.33
4 

Mixed 1997 
Health 
check 

HPLC 192 138 NS 1-20d No No 

V59 
Oso O.O, 
et al.[59] 

2003 Nigeria AFR LMIC 
0.31
5 

Rural 1993 
Health 
check 

HPLC 213 159 NS 6-72m Yes No 

V60 
Palafox 
N.A, et 
al.[60] 

2003 
Marshall 
Islands 

WPR UMIC 0.43 Mixed 1995 
Commun
ity-based  

HPLC 904 543 NS 1-5y No No 

V61 
Tan Z, et 
al.[61] 

2002 China WPR UMIC 
0.52
5 

Both 2000 
Commun
ity-based  

Fluoresce

nce 
method 

8669 1018 NS 0-6y Yes No 

V62 
Schéman
n J.F, et 
al.[62] 

2002 Mali AFR LIC 
0.15
1 

Both 1997 
Commun
ity-based  

HPLC 192 178 NS 6-72m No No 

V63 
Swami 
H.M, et 
al.[63] 

2001 India SEAR LMIC 
0.39
3 

Mixed 2000 
Commun
ity-based  

HPLC 190 49 NS 1-5y No No 

V64 

Centers 

for 
Disease 

2001 
Micrones
ia 

WPR LMIC 
0.50
2 

Rural 2000 
Commun
ity-based  

HPLC 485 237 NS 24-59m No No 
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ID Author 
Year 

Published 
Country 

WHO 

region 

WB 

region 
SDI Setting 

Study 

year 

Survey 

base 
Test 

Tested 

sample 

No. of 

VAD 

cases 

No. of 

mVAD 

cases 

Age 

range 

Age-specific 

estimate 

Sex-specific 

estimate 

Control 
Preventio

n[64] 

V65 
Kassaye 
T, et 
al.[65] 

2001 Ethiopia AFR LIC 
0.16
1 

Mixed 1997 
Health 
check 

HPLC 824 490 NS 6-9y Yes Yes 

V66 

Centers 
for 
Disease 
Control 

Preventio
n[66] 

1999 Nepal SEAR LMIC 
0.25
9 

Mixed 1999 
Health 
check 

HPLC 190 49 NS 10-19y NO NO 

V67 
Ferraz 
I.S, et 
al.[67] 

2000 Brazil AMR UMIC 
0.52

4 
Urban 1997 

Health 

check 
HPLC 103 22 NS 6-24m Yes Yes 

V68 
Li X.C, et 
al.[68] 

2020 China WPR UMIC 
0.61
1 

Mixed 2009 
Commun
ity-based  

HPLC 688 194 NS 
New-
born 

No No 

V69 
Zhang Z, 

et al.[69] 
2018 China WPR UMIC 

0.65

9 
Urban 2016 

School-

based 
HPLC 2085 31 647 3-6y No No 

V70 
Gubert 
M.B, et 
al.[70] 

2016 Brazil AMR UMIC 
0.56
6 

Both 2006 
Commun
ity-based  

HPLC 3425 506 NS 0-59m No No 

V71 
Jin C, et 
al.[71] 

2016 China WPR UMIC 
0.65
7 

Both 2015 
Health 
check 

HPLC 1538 80 724 1m-16y Yes No 

V72 
Pajuelo J, 
et al.[72] 

2015 Peru AMR UMIC 
0.59
5 

Both 2009 
Commun
ity-based  

HPLC 1465 175 NS 0-59m Yes Yes 

V73 

De 
Moura 
F.F, et 
al.[73] 

2015 Nigeria AFR LMIC 
0.45
1 

Both 2011 
Commun
ity-based  

HPLC 549 93 NS 6-59m No No 

V74 
Kurihaya
shi  A.Y, 
et al.[74] 

2015 Brazil AMR UMIC 0.61 Mixed 2013 
Health 
check 

HPLC 84 10 5 2-7y No No 

V75 
Augusto 
R.A, et 

al.[75] 

2015 Brazil AMR UMIC 
0.57
2 

Mixed 2007 
School-
based 

HPLC 702 104 NS 4-10y No No 
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ID Author 
Year 

Published 
Country 

WHO 

region 

WB 

region 
SDI Setting 

Study 

year 

Survey 

base 
Test 

Tested 

sample 

No. of 

VAD 

cases 

No. of 

mVAD 

cases 

Age 

range 

Age-specific 

estimate 

Sex-specific 

estimate 

V76 
Peng R, 
et al.[76] 

2014 China WPR UMIC 
0.63
8 

Mixed 2012 
School-
based 

HPLC 492 44 214 
3.69-
5.41y 

No No 

V77 
de Paula 
W.K, et 
al.[77] 

2014 Brazil AMR UMIC 
0.56
6 

Mixed 2006 
Health 
check 

HPLC 563 90 NS 6-59m Yes Yes 

V78 
Rohner F, 
et al.[78] 

2013 
Philippin
es 

WPR UMIC 
0.55
8 

Urban 2008 
Commun
ity-based  

HPLC 1784 146 NS 6-23m No No 

V79 
Miglioli 
T.C, et 
al.[79] 

2013 Brazil AMR UMIC 
0.56
6 

Both 2006 
Commun
ity-based  

HPLC 608 42 NS 6-59m Yes Yes 

V80 
Fan P, et 
al.[80] 

2012 China WPR UMIC 
0.61
1 

Rural 2009 
Commun
ity-based  

HPLC 254 103 83 6-24m Yes No 

V81 
Garcia 
M.T, et 
al.[81] 

2011 Brazil AMR UMIC 
0.57

2 
Urban 2007 

Commun

ity-based  
HPLC 164 24 NS 6-24m No No 

V82 
Midyat L, 
et al.[82] 

2011 Turkey EUR UMIC 
0.64
1 

Both 2006 
Commun
ity-based  

HPLC 101 20 NS 24-59m NO NO 

V83 

Azevedo 

M.M, et 
al.[83] 

2010 Brazil AMR UMIC 
0.57
2 

Both 2007 
School-
based 

HPLC 333 26 99 24-60m NO NO 

V84 
Demissie 
T, et 
al.[84] 

2010 Ethiopia AFR LIC 
0.20
3 

Both 2006 
Commun
ity-based  

HPLC 965 329 NS 6-71m NO NO 

V85 
Khatib 
I.M, et 
al.[85] 

2009 Jordan EMR UMIC 
0.63
9 

Rural NS 
School-
based 

HPLC 560 165 338 5.5-10y NO Yes 

V86 
Durán P, 
et al.[86] 

2009 Argentina AMR UMIC 
0.64
9 

Mixed 2005 
Commun
ity-based  

HPLC 30514 4363 NS 6m-72m NO NO 

V87 
Maslova 
E, et 
al.[87] 

2009 Colombia AMR UMIC 
0.54
6 

Mixed 2006 
School-
based 

HPLC 2810 385 1189 5-12y Yes Yes 

V88 
Leal J.Y, 
et al.[88] 

2007 
Venezuel
a 

AMR UMIC 
0.56
6 

Both 2007 
School-
based 

HPLC 73 5 30 13-19y NO NO 

V89 
Graebner 
I.T, et 

al.[89] 

2007 Brazil AMR UMIC 
0.55
1 

Rural 2003 
School-
based 

HPLC 155 52 NS 5-18y Yes NO 
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ID Author 
Year 

Published 
Country 

WHO 

region 

WB 

region 
SDI Setting 

Study 

year 

Survey 

base 
Test 

Tested 

sample 

No. of 

VAD 

cases 

No. of 

mVAD 

cases 

Age 

range 

Age-specific 

estimate 

Sex-specific 

estimate 

V90 
Poveda E, 
et al.[90] 

2007 Colombia AMR UMIC 
0.55
2 

Both 2007 
School-
based 

HPLC 267 12 96 2-5y No Yes 

V91 
de Souza 
V.D.S.L, 
et al.[91] 

2007 Brazil AMR UMIC 
0.54
7 

Urban 2002 
Commun
ity-based  

HPLC 422 NS 42 7-17y Yes Yes 

V92 
Zhang Y, 
et al.[92] 

2007 China WPR UMIC 
0.54
3 

Both 2002 
Commun
ity-based  

HPLC 1052 72 477 0-5y Yes Yes 

V93 
Faruque 
A.S, et 
al.[93] 

2006 
Banglade
sh 

SEAR LMIC 
0.32
4 

Rural 1998 
Commun
ity-based  

HPLC 1302 255 466 2-6y No Yes 

V94 
Paiva 
A.A, et 
al.[94] 

2006 Brazil AMR UMIC 
0.54
7 

Both NS 
School-
based 

HPLC 631 97 183 36-83m No Yes 

V95 
Li J.H, et 
al.[95] 

2006 China WPR UMIC 
0.54
3 

Both 2002 
Commun
ity-based  

HPLC 380 32 170 3-12y NO NO 

V96 
Ahmed F, 
et al.[96] 

2006 
Banglade
sh 

SEAR LMIC 
0.33
6 

Urban 2000 
School-
based 

HPLC 381 6 84 11-16y NO Yes 

V97 

Ferraz 

I.S, et 
al.[97] 

2005 Brazil AMR UMIC 
0.53
8 

Mixed 2000 
Health 
check 

HPLC 179 135 NS 2-6y NO NO 

V98 
Monge-
Rojas R, 
et al.[98] 

2005 India SEAR LMIC 0.4 Mixed NS 
School-
based 

HPLC 84 1 8 10-16y NO Yes 

V99 
Sibeko 
L.N, et 
al.[99] 

2004 
South 
Africa 

AFR UMIC 
0.59
3 

Urban 2000 
Health 
check 

HPLC 113 11 NS 1-6m NO NO 

V10
0 

Martins 
M.C, et 
al.[100] 

2004 Brazil AMR UMIC 
0.52
9 

Both 1998 
Commun
ity-based  

HPLC 607 195 NS 6-60m Yes Yes 

V10

1 

Castejon 
H.V, et 
al.[101] 

2004 
Venezuel

a 
AMR UMIC 

0.54

8 
Urban 2004 

Commun

ity-based  
HPLC 202 44 NS 24-84m Yes NO 

V10
2 

Mi J, et 
al.[102] 

2003 China WPR UMIC 
0.53
4 

Both 2001 
Commun
ity-based  

Microfluo
rescent 
spectroph

otometery 

1257 106 483 0-6y Yes NO 
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ID Author 
Year 

Published 
Country 

WHO 

region 

WB 

region 
SDI Setting 

Study 

year 

Survey 

base 
Test 

Tested 

sample 

No. of 

VAD 

cases 

No. of 

mVAD 

cases 

Age 

range 

Age-specific 

estimate 

Sex-specific 

estimate 

V10
3 

Lin L, et 
al.[103] 

2002 China WPR UMIC 
0.52
5 

Both 2000 
Commun
ity-based  

HPLC 8669 1018 3396 0-6y Yes Yes 

V10
4 

Amaya-
Castellan
os D, et 
al.[104] 

2002 
Venezuel
a 

AMR UMIC 
0.55
4 

Both NS 
School-
based 

HPLC 207 46 51 24-85m Yes NO 

V10
5 

Oelofse 
A, et 
al.[105] 

2002 
South 
Africa 

AFR UMIC 
0.58
4 

Urban 1998 
Commun
ity-based  

HPLC 42 1 NS 6-12m NO NO 

V10
6 

Jinabhai 

C.C, et 
al.[106] 

2001 
South 
Africa 

AFR UMIC 0.58 Rural NS 
School-
based 

HPLC 335 116 132 8-10y Yes NO 

V10

7 

Dijkhuize
n M.A, et 
al.[107] 

2001 Indonesia SEAR LMIC 
0.50

8 
Rural 1996 

Health 

check 
HPLC 155 84 NS 

2.4-

10.5y 
NO NO 

V10
8 

Albalak 
R, et 
al.[108] 

2000 Honduras AMR LMIC 
0.36
3 

Mixed 1996 
Commun
ity-based  

HPLC 1243 553 560 12-60m Yes NO 

V10
9 

Gowele 
VF, et 
al.[109] 

2021 Tanzania AFR LMIC 
0.39
9 

Rural 2016 
Commun
ity-based  

HPLC 666 166 NS 5-10y NO NO 

V11

0 

Reddy 
GB, et 
al.[110] 

2022 India SEAR LMIC 
0.54

7 
Both 2017 

Commun

ity-based  
NS 20122 3397   5-19y Yes Yes 

V11
1 

De Castro 
IRR, et 

al.[111] 

2021 Brazil AMR UMIC 
0.61
6 

Urban 2014 
Commun
ity-based  

HPLC 536 68 NS 6-59m Yes NO 

V11
2 

Reddy 
GB, et 
al.[112] 

2021 India SEAR LMIC 
0.54
7 

Both 2017 
Commun
ity-based  

NS 9563 1510 NS 1-5y Yes Yes 

V11
3 

Tian T, et 
al.[113] 

2022 China WPR UMIC 
0.66
9 

Mixed 2017 
Commun
ity-based  

NS 3025 27 441 7-17y NO Yes 

V11
4 

Janmoha
med A, et 
al.[114] 

2020 Mongolia WPR LMIC 
0.59
7 

Mixed 2017 
Commun
ity-based  

NS 938 109 420 6-23m NO NO 
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ID Author 
Year 

Published 
Country 

WHO 

region 

WB 

region 
SDI Setting 

Study 

year 

Survey 

base 
Test 

Tested 

sample 

No. of 

VAD 

cases 

No. of 

mVAD 

cases 

Age 

range 

Age-specific 

estimate 

Sex-specific 

estimate 

V11
5 

Shan X, 
et 

al.[115] 

2021 China WPR UMIC 
0.65
9 

Mixed 2016 
Commun
ity-based  

HPLC 3808 126 769 
mean: 
11.32y 

NO Yes 

V11
6 

Ernawati 
F, et 
al.[116] 

2021 Indonesia SEAR LMIC 
0.60
1 

Mixed 2011 
Commun
ity-based  

HPLC 1008 15 NS 
mean: 
31.7m 

NO NO 

Note: WHO=the World Health Organization; AFR=African region; AMR=region of the Americas; SEAR=South-East Asia region; EUR=European region; EMR=Eastern Mediterranean 
region; WPR=Western Pacific region; WB region=the World Bank region; LMIC=Low- and Middle-Income Country; UMIC=Upper Middle-Income Country; SDI=Socio-demographic Index; 
NS= Not Stated; UFLC= Ultra High Performance Liquid Chromatography; HPLC=High-Performance Liquid Chromatography; ELISA=Enzyme-linked Immunosorbent Assay; 

TFA=Trifluoroacetic Acid; VAD= Vitamin A Deficiency; mVAD= Marginal Vitamin A Deficiency; d-day; y=year; m=month.
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Table S6. Quality scores for assessing the risk of bias in the included articles (n=116) 

ID Author 
Year 

Published 

Quality score 

Sample 

population 

Sample 

size 
Participation 

Outcome 

assessment 

Analytical 

methods 

Total 

scores 

V1 
Disalvo L, et 

al.[1] 
2019 2 1 2 2 2 9 

V2 
Onoja U S, et 

al.[2] 
2019 2 1 2 2 2 9 

V3 
Hanson C, et 
al.[3] 

2018 2 1 2 2 2 9 

V4 Ayogu R, et al.[4] 2018 2 2 2 2 2 10 

V5 
Pouraram H et 

al.[5] 
2018 2 2 2 2 2 10 

V6 
Abolurin OO, et 
al.[6] 

2018 2 1 0 2 2 7 

V7 Lima DB, et al.[7] 2018 2 2 0 2 2 8 

V8 Chyne D, et al.[8] 2017 2 1 2 2 2 9 

V9 
Longvah T, et 

al.[9] 
2017 2 2 2 2 2 10 

V10 
Alaofè H, et 

al.[10] 
2017 2 1 2 2 2 9 

V11 
Rahman S, et 

al.[11] 
2017 2 2 1 2 2 9 

V12 
Alouache A, et 

al.[12] 
2017 1 1 2 2 1 7 

V13 
Ayogu RN, et 
al.[13] 

2016 1 0 2 2 2 7 

V14 Wei X, et al.[14] 2016 2 2 2 2 2 10 

V15 
Villalpando, et 

al.[15] 
2015 1 0 2 1 2 6 

V16 
Talsma EF, et 
al.[16] 

2015 2 1 2 2 2 9 

V17 
Marasinghe E, et 

al.[17] 
2015 1 1 2 2 2 8 

V18 
Sandjaja, et 

al.[18] 
2015 1 1 2 2 0 6 

V19 
Faber M, et 

al.[19] 
2015 2 2 2 2 2 10 

V20 
Konstantyner T, 

et al.[20] 
2014 2 1 2 1 2 8 

V21 
Herrador Z, et 

al.[21] 
2014 2 1 2 2 2 9 

V22 
Ribeiro-Silva RC, 

et al.[22] 
2014 2 2 2 2 2 10 

V23 
Martínez-Torres 

J, et al.[23] 
2014 2 1 0 2 2 7 

V24 Dong C, et al.[24] 2014 2 1 2 2 2 9 

V25 
Rohner F, et 

al.[25] 
2014 2 1 2 2 1 8 

V26 
Rojroongwasinkul 

N, et al.[26] 
2013 1 1 2 2 2 8 

V27 Poh BK, et al.[27] 2013 2 2 2 2 1 9 

V28 
Queiroz D, et 

al.[28] 
2013 1 1 2 2 2 8 

V29 
Laillou A, et 

al.[29] 
2012 2 0 2 2 0 6 
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ID Author 
Year 

Published 

Quality score 

Sample 

population 

Sample 

size 
Participation 

Outcome 

assessment 

Analytical 

methods 

Total 

scores 

V30 Hotz C, et al.[30] 2012 2 1 0 2 2 7 

V31 
Laxmaiah A, et 

al.[31] 
2012 2 1 2 1 2 5 

V32 
Van Stuijvenberg 

ME, et al.[32] 
2012 2 1 2 2 2 9 

V33 
Engle-Stone R, et 

al.[33] 
2011 1 0 2 2 2 7 

V34 
Temple VJ, et 

al.[34] 
2011 2 1 2 2 2 9 

V35 
Arlappa N, et 

al.[35] 
2011 2 1 2 2 1 8 

V36 
Arlappa N, et 

al.[36] 
2011 1 0 2 2 2 7 

V37 Fares S, et al.[37] 2011 2 1 2 2 2 9 

V38 
Durán P, et 

al.[38] 
2011 2 1 1 2 1 7 

V39 
Dillon D, et 

al.[39] 
2010 1 0 2 2 2 7 

V40 
Custodio VI, et 

al.[40] 
2009 2 1 2 2 1 8 

V41 
Khatib IMD, et 

al.[41] 
2009 2 1 2 2 2 9 

V42 
Tatala SR, et 
al.[42] 

2008 2 1 2 2 2 9 

V43 
Jiang JX, et 

al.[43] 
2008 2 2 2 2 1 9 

V44 
Calis JCJ, et 

al.[44] 
2008 1 0 2 2 2 7 

V45 
Al-Mekhlafi MH, 

et al.[45] 
2007 2 1 2 2 2 9 

V46 Yang R, et al.[46] 2007 2 1 2 2 2 9 

V47 
Khan NC, et 

al.[47] 
2007 2 1 2 2 2 9 

V48 Jiang J, et al.[48] 2006 2 1 2 2 2 9 

V49 Hix J, et al.[49] 2006 2 2 2 2 1 9 

V50 
Maziya-Dixon 

B.B, et al.[50] 
2006 2 2 1 2 1 8 

V51 
Thurlow R.A, et 

al.[51] 
2005 2 2 0 2 2 8 

V52 
Santos M.A, et 

al.[52] 
2005 2 0 2 2 1 7 

V53 Nasri I, et al.[53] 2004 1 1 0 1 1 4 

V54 
Coles C.L, et 

al.[54] 
2004 1 2 2 2 2 9 

V55 
Gamble M.V, et 
al.[55] 

2004 2 1 0 2 1 6 

V56 
Yamamura C.M, 

et al.[56] 
2004 1 2 2 2 2 9 

V57 
Villalpando S, et 

al.[57] 
2003 2 1 2 2 1 8 

V58 
Adelekan D.A, et 

al.[58] 
2003 2 1 0 2 2 7 

V59 
Oso O.O, et 

al.[59] 
2003 2 1 2 2 1 8 



21 

 

ID Author 
Year 

Published 

Quality score 

Sample 

population 

Sample 

size 
Participation 

Outcome 

assessment 

Analytical 

methods 

Total 

scores 

V60 
Palafox N.A, et 
al.[60] 

2003 1 1 2 2 1 7 

V61 Tan Z, et al.[61] 2002 2 2 1 2 2 9 

V62 
Schémann J.F, et 

al.[62] 
2002 2 2 0 2 1 7 

V63 
Swami H.M, et 

al.[63] 
2001 2 2 0 2 1 7 

V64 

Centers for 

Disease Control 

Prevention[64] 

2001 2 1 2 2 1 8 

V65 
Kassaye T, et 

al.[65] 
2001 2 2 0 2 1 7 

V66 

Centers for 

Disease Control 

Prevention[66] 

1999 2 1 0 1 1 5 

V67 
Ferraz I.S, et 

al.[67] 
2000 2 1 0 2 1 6 

V68 Li X.C, et al.[68] 2020 2 2 1 2 2 9 

V69 
Zhang Z, et 

al.[69] 
2018 2 1 2 2 2 9 

V70 
Gubert M.B, et 

al.[70] 
2016 2 1 1 2 1 7 

V71 Jin C, et al.[71] 2016 2 1 2 2 1 8 

V72 
Pajuelo J, et 

al.[72] 
2015 2 1 2 2 1 8 

V73 
De Moura F.F, et 

al.[73] 
2015 2 1 2 2 2 9 

V74 
Kurihayashi A.Y, 

et al.[74] 
2015 2 2 1 2 2 9 

V75 
Augusto R.A, et 
al.[75] 

2015 2 1 2 2 2 9 

V76 Peng R, et al.[76] 2014 2 1 2 2 2 9 

V77 
de Paula W.K, et 

al.[77] 
2014 2 1 1 2 2 8 

V78 
Rohner F, et 
al.[78] 

2013 2 1 2 2 2 9 

V79 
Miglioli T.C, et 

al.[79] 
2013 2 1 2 1 1 7 

V80 Fan P, et al.[80] 2012 2 1 2 2 1 8 

V81 
Garcia M.T, et 

al.[81] 
2011 1 1 2 1 1 6 

V82 
Midyat L, et 

al.[82] 
2011 2 0 0 2 1 5 

V83 
Azevedo M.M, et 

al.[83] 
2010 2 2 2 2 1 9 

V84 
Demissie T, et 

al.[84] 
2010 2 0 2 2 1 7 

V85 
Khatib I.M, et 

al.[85] 
2009 2 1 1 2 1 7 

V86 
Durán P, et 

al.[86] 
2009 1 1 1 1 1 5 

V87 
Maslova E, et 

al.[87] 
2009 2 1 1 2 2 8 
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ID Author 
Year 

Published 

Quality score 

Sample 

population 

Sample 

size 
Participation 

Outcome 

assessment 

Analytical 

methods 

Total 

scores 

V88 
Leal J.Y, et 
al.[88] 

2007 1 1 1 2 0 5 

V89 
Graebner I.T, et 

al.[89] 
2007 2 1 1 2 1 7 

V90 
Poveda E, et 

al.[90] 
2007 2 0 1 2 2 7 

V91 

de Souza 

V.D.S.L, et 

al.[91] 

2007 2 1 0 2 2 7 

V92 
Zhang Y, et 

al.[92] 
2007 2 1 2 2 2 9 

V93 
Faruque A.S, et 
al.[93] 

2006 2 1 1 2 1 7 

V94 
Paiva A.A, et 

al.[94] 
2006 2 1 2 2 1 8 

V95 Li J.H, et al.[95] 2006 1 0 2 2 2 7 

V96 
Ahmed F, et 

al.[96] 
2006 2 1 2 2 2 9 

V97 
Ferraz I.S, et 

al.[97] 
2005 1 1 0 2 1 5 

V98 
Monge-Rojas R, 

et al.[98] 
2005 2 1 0 2 1 6 

V99 
Sibeko L.N, et 

al.[99] 
2004 2 1 1 2 1 7 

V100 
Martins M.C, et 

al.[100] 
2004 2 1 2 2 2 9 

V101 
Castejon H.V, et 

al.[101] 
2004 2 2 0 2 1 7 

V102 Mi J, et al.[102] 2003 2 1 1 2 1 7 

V103 Lin L, et al.[103] 2002 2 1 2 2 1 8 

V104 

Amaya-

Castellanos D, et 

al.[104] 

2002 2 1 0 2 1 6 

V105 
Oelofse A, et 

al.[105] 
2002 2 1 0 2 1 6 

V106 
Jinabhai C.C, et 

al.[106] 
2001 2 1 0 2 1 6 

V107 
Dijkhuizen M.A, 

et al.[107] 
2001 2 1 0 1 2 6 

V108 
Albalak R, et 

al.[108] 
2000 2 1 0 2 1 6 

V109 
Gowele VF, et 

al.[109] 
2021 2 1 0 2 2 7 

V110 
Reddy GB, et 

al.[110] 
2022 2 1 0 2 2 7 

V111 
De Castro IRR, et 

al.[111] 
2021 2 1 0 2 2 7 

V112 
Reddy GB, et 

al.[112] 
2021 2 1 0 2 2 7 

V113 Tian T, et al.[113] 2022 2 1 0 2 2 7 

V114 
Janmohamed A, 

et al.[114] 
2020 2 1 0 2 2 7 

V115 
Shan X, et 

al.[115] 
2021 2 1 0 2 2 7 
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ID Author 
Year 

Published 

Quality score 

Sample 

population 

Sample 

size 
Participation 

Outcome 

assessment 

Analytical 

methods 

Total 

scores 

V116 
Ernawati F, at 
al.[116] 

2021 2 1 0 2 2 7 
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Table S7. National prevalence of VAD and public health significance in 2019, by age group 

Development 

region 
WHO region Country 

0-5 years 6-12 years 13-18 years 0-18 years 

Prevalence 

(%) 
Significance 

Prevalence 

(%) 
Significance Prevalence (%) Significance Prevalence (%) Significance 

Low SDI Africa Burundi 
49.23 (37.05-
62.01) 

Severe 
39.54 (28.60-
51.98) 

Severe 
30.57 (21.26-
42.03) 

Severe 
41.12 (30.10-
53.45) 

Severe 

Low-middle SDI Africa Comoros 
27.69 (22.62-

33.45) 
Severe 

20.80 (16.70-

25.61) 
Moderate 

15.19 (11.94-

19.15) 
Moderate 

21.77 (17.55-

26.69) 
Moderate 

Low-middle SDI 
Eastern 
Mediterranean 

Djibouti 
23.59 (19.28-
28.49) 

Moderate 
17.73 (14.26-
21.82) 

Moderate 
12.88 (10.14-
16.23) 

Moderate 
18.23 (14.70-
22.37) 

Moderate 

Low SDI Africa Eritrea 
32.78 (26.17-
40.19) 

Severe 
24.98 (19.49-
31.45) 

Moderate 
18.75 (14.27-
24.25) 

Moderate 
25.92 (20.33-
32.44) 

Severe 

Low SDI Africa Ethiopia 
40.83 (31.68-
50.86) 

Severe 
31.89 (24.01-
41.10) 

Severe 
24.10 (17.59-
32.17) 

Moderate 
32.86 (24.91-
42.04) 

Severe 

Low-middle SDI Africa Kenya 
22.84 (18.66-
27.68) 

Moderate 
16.86 (13.58-
20.77) 

Moderate 
12.20 (9.64-
15.34) 

Mild 
17.50 (14.13-
21.50) 

Moderate 

Low SDI Africa Madagascar 
33.06 (26.40-
40.53) 

Severe 
25.28 (19.72-
31.80) 

Moderate 
18.78 (14.29-
24.31) 

Moderate 
26.28 (20.62-
32.87) 

Severe 

Low SDI Africa Malawi 
36.36 (28.85-
44.75) 

Severe 
27.94 (21.63-
35.35) 

Severe 
20.90 (15.77-
27.23) 

Moderate 
28.97 (22.56-
36.43) 

Severe 

High-middle SDI Africa Mauritius 
9.80 (6.49-
14.55) 

Mild 
6.90 (4.52-
10.41) 

Mild 4.85 (3.13-7.43) Mild 
6.89 (4.51-
10.37) 

Mild 

Low SDI Africa Mayotte 
31.38 (25.16-
38.37) 

Severe 
23.90 (18.75-
29.96) 

Moderate 
17.80 (13.63-
22.92) 

Moderate 
24.67 (19.44-
30.77) 

Moderate 

Low SDI Africa Mozambique 
43.44 (33.07-
54.54) 

Severe 
34.45 (25.29-
45.00) 

Severe 
26.42 (18.72-
35.95) 

Moderate 
35.62 (26.41-
46.11) 

Severe 

Low SDI Africa Réunion 
26.45 (21.21-
32.35) 

Severe 
20.18 (15.83-
25.30) 

Moderate 
14.96 (11.45-
19.27) 

Moderate 
20.39 (16.04-
25.49) 

Moderate 

Low SDI Africa Rwanda 
31.38 (25.43-
38.10) 

Severe 
23.68 (18.83-
29.40) 

Moderate 
17.46 (13.56-
22.22) 

Moderate 
24.76 (19.77-
30.58) 

Moderate 

High-middle SDI Africa Seychelles 
8.59 (5.52-
13.13) 

Mild 
6.09 (3.87-
9.46) 

Mild 4.26 (2.67-6.72) Mild 6.43 (4.10-9.95) Mild 

Low SDI 
Eastern 
Mediterranean 

Somalia 
68.47 (49.41-
82.82) 

Severe 
59.92 (40.17-
76.86) 

Severe 
50.72 (31.51-
69.69) 

Severe 
60.76 (41.41-
77.25) 

Severe 

Low SDI Africa South Sudan 
38.58 (30.27-
47.79) 

Severe 
29.91 (22.84-
38.21) 

Severe 
22.48 (16.68-
29.65) 

Moderate 
31.07 (23.89-
39.4) 

Severe 

Low SDI Africa Uganda 
33.41 (26.78-
40.86) 

Severe 
25.53 (20.02-
32) 

Severe 
18.93 (14.49-
24.39) 

Moderate 
26.73 (21.08-
33.30) 

Severe 
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Development 

region 
WHO region Country 

0-5 years 6-12 years 13-18 years 0-18 years 

Prevalence 

(%) 
Significance 

Prevalence 

(%) 
Significance Prevalence (%) Significance Prevalence (%) Significance 

Low SDI Africa 
United 
Republic of 
Tanzania 

30.50 (24.66-

37.09) 
Severe 

23.12 (18.32-

28.76) 
Moderate 

17.06 (13.22-

21.77) 
Moderate 

24.29 (19.35-

30.04) 
Moderate 

Low-middle SDI Africa Zambia 
22.09 (18.06-
26.75) 

Moderate 
16.34 (13.17-
20.11) 

Moderate 
11.80 (9.33-
14.83) 

Mild 
17.19 (13.89-
21.08) 

Moderate 

Low-middle SDI Africa Zimbabwe 
25.33 (20.75-

30.57) 
Severe 

19.03 (15.36-

23.37) 
Moderate 

13.82 (10.92-

17.35) 
Moderate 

19.82 (16.04-

24.25) 
Moderate 

Low-middle SDI Africa Angola 
23.57 (19.31-
28.44) 

Moderate 
17.63 (14.21-
21.66) 

Moderate 
12.84 (10.14-
16.13) 

Moderate 
18.72 (15.15-
22.88) 

Moderate 

Low-middle SDI Africa Cameroon 
22.52 (18.45-
27.19) 

Moderate 
16.72 (13.5-
20.53) 

Moderate 
12.12 (9.59-
15.20) 

Mild 
17.62 (14.27-
21.55) 

Moderate 

Low SDI Africa 
Central 
African 
Republic 

46.72 (34.99-
58.90) 

Severe 
37.55 (26.97-
49.51) 

Severe 
29.23 (20.16-
40.35) 

Severe 
38.30 (27.77-
50.11) 

Severe 

Low SDI Africa Chad 
53.88 (39.79-
67.91) 

Severe 
44.05 (31.00-
58.36) 

Severe 
34.74 (23.32-
48.50) 

Severe 
45.42 (32.39-
59.48) 

Severe 

Low-middle SDI Africa Congo 
16.13 (12.74-
20.21) 

Moderate 
11.76 (9.17-
14.96) 

Mild 
8.39 (6.43-
10.88) 

Mild 
12.46 (9.74-
15.79) 

Mild 

Low SDI Africa 
Democratic 
Republic of 
the Congo 

33.91 (26.88-
41.75) 

Severe 
26.13 (20.21-
33.08) 

Severe 
19.5 (14.69-
25.43) 

Moderate 
27.51 (21.44-
34.56) 

Severe 

Middle SDI Africa 
Equatorial 
Guinea 

9.76 (6.67-
14.06) 

Mild 
6.96 (4.70-
10.18) 

Mild 4.86 (3.24-7.23) Mild 
7.53 (5.10-
10.96) 

Mild 

Middle SDI Africa Gabon 
10.47 (7.46-
14.47) 

Mild 
7.51 (5.29-
10.54) 

Mild 5.26 (3.65-7.52) Mild 
8.11 (5.73-
11.33) 

Mild 

Low-middle SDI Africa 
Sao Tome and 
Principe 

20.43 (16.71-
24.71) 

Moderate 
15.10 (12.17-
18.57) 

Moderate 
10.95 (8.66-
13.75) 

Mild 
15.76 (12.74-
19.33) 

Moderate 

Middle SDI Africa Botswana 
12.17 (8.93-
16.35) 

Mild 
8.75 (6.35-
11.94) 

Mild 6.17 (4.41-8.57) Mild 
9.18 (6.68-
12.48) 

Mild 

Low-middle SDI Africa Eswatini 
17.65 (13.82-
22.29) 

Moderate 
12.75 (9.86-
16.35) 

Mild 
9.13 (6.94-
11.93) 

Mild 
13.24 (10.26-
16.94) 

Moderate 

Low-middle SDI Africa Lesotho 
22.95 (18.75-
27.80) 

Moderate 
16.90 (13.61-
20.81) 

Moderate 
12.17 (9.61-
15.30) 

Mild 
17.57 (14.19-
21.57) 

Moderate 

Middle SDI Africa Namibia 
14.13 (10.66-
18.49) 

Moderate 
10.21 (7.61-
13.57) 

Mild 7.21 (5.29-9.76) Mild 
10.81 (8.08-
14.31) 

Mild 
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Development 

region 
WHO region Country 

0-5 years 6-12 years 13-18 years 0-18 years 

Prevalence 

(%) 
Significance 

Prevalence 

(%) 
Significance Prevalence (%) Significance Prevalence (%) Significance 

Middle SDI Africa South Africa 
10.19 (7.03-
14.53) 

Mild 
7.27 (4.96-
10.53) 

Mild 5.10 (3.43-7.52) Mild 
7.63 (5.22-
11.01) 

Mild 

Low SDI Africa Benin 
36.91 (28.78-
45.86) 

Severe 
28.74 (21.78-
36.89) 

Severe 
21.67 (15.93-
28.77) 

Moderate 
29.91 (22.84-
38.08) 

Severe 

Low SDI Africa Burkina Faso 
50.44 (37.51-
63.61) 

Severe 
40.89 (29.08-
54.06) 

Severe 
32.01 (21.79-
44.45) 

Severe 
42.13 (30.32-
55.11) 

Severe 

Low-middle SDI Africa Cabo Verde 
19.12 (15.53-
23.31) 

Moderate 
14.07 (11.27-
17.43) 

Moderate 
10.11 (7.95-
12.79) 

Mild 
14.50 (11.64-
17.92) 

Moderate 

Low SDI Africa Côte d'Ivoire 
30.61 (24.58-
37.38) 

Severe 
23.32 (18.33-
29.19) 

Moderate 
17.25 (13.23-
22.17) 

Moderate 
24.36 (19.25-
30.30) 

Moderate 

Low SDI Africa Gambia 
30.53 (24.42-
37.39) 

Severe 
23.37 (18.28-
29.36) 

Moderate 
17.33 (13.21-
22.38) 

Moderate 
24.59 (19.35-
30.67) 

Moderate 

Low-middle SDI Africa Ghana 
17.40 (13.86-
21.62) 

Moderate 
12.71 (9.99-
16.03) 

Mild 
9.06 (7.00-
11.66) 

Mild 
13.37 (10.55-
16.81) 

Moderate 

Low SDI Africa Guinea 
41.31 (31.74-
51.68) 

Severe 
32.49 (24.15-
42.18) 

Severe 
24.74 (17.79-
33.36) 

Moderate 
33.57 (25.17-
43.22) 

Severe 

Low SDI Africa Guinea-Bissau 
36.99 (28.89-
45.93) 

Severe 
28.80 (21.87-
36.92) 

Severe 
21.69 (15.99-
28.75) 

Moderate 
29.97 (22.92-
38.11) 

Severe 

Low SDI Africa Liberia 
34.52 (27.19-
42.68) 

Severe 
26.68 (20.46-
33.97) 

Severe 
20.01 (14.93-
26.29) 

Moderate 
27.63 (21.33-
34.95) 

Severe 

Low SDI Africa Mali 
47.88 (35.7-
60.38) 

Severe 
38.71 (27.64-
51.14) 

Severe 
30.25 (20.69-
41.92) 

Severe 
40.06 (28.95-
52.32) 

Severe 

Low-middle SDI Africa Mauritania 
22.17 (18.15-

26.79) 
Moderate 

16.45 (13.27-

20.21) 
Moderate 

11.88 (9.40-

14.91) 
Mild 

17.37 (14.06-

21.25) 
Moderate 

Low SDI Africa Niger 
64.66 (46.82-
80.43) 

Severe 
54.73 (37.29-
72.07) 

Severe 
44.64 (28.59-
62.62) 

Severe 
56.31 (39.04-
73.18) 

Severe 

Low-middle SDI Africa Nigeria 
20.85 (17.00-
25.32) 

Moderate 
15.39 (12.37-
18.98) 

Moderate 
11.08 (8.74-
13.95) 

Mild 
16.34 (13.19-
20.08) 

Moderate 

Low SDI Africa Senegal 
32.85 (26.13-
40.37) 

Severe 
25.27 (19.64-
31.90) 

Moderate 
18.82 (14.25-
24.45) 

Moderate 
26.40 (20.64-
33.09) 

Severe 

Low SDI Africa Sierra Leone 
38.04 (29.58-

47.34) 
Severe 

29.65 (22.38-

38.15) 
Severe 

22.43 (16.43-

29.86) 
Moderate 

30.61 (23.27-

39.10) 
Severe 

Low SDI Africa Togo 
30.44 (24.54-
37.08) 

Severe 
23.12 (18.26-
28.83) 

Moderate 
17.10 (13.19-
21.88) 

Moderate 
24.10 (19.13-
29.89) 

Moderate 

Middle SDI Africa Algeria 
11.20 (8.03-
15.41) 

Mild 
8.05 (5.7-
11.24) 

Mild 5.66 (3.95-8.04) Mild 
8.71 (6.19-
12.11) 

Mild 
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Development 

region 
WHO region Country 

0-5 years 6-12 years 13-18 years 0-18 years 

Prevalence 

(%) 
Significance 

Prevalence 

(%) 
Significance Prevalence (%) Significance Prevalence (%) Significance 

Middle SDI 
Eastern 
Mediterranean 

Egypt 
11.92 (8.47-
16.54) 

Mild 
8.62 (6.05-
12.13) 

Mild 6.01 (4.16-8.61) Mild 
9.19 (6.48-
12.88) 

Mild 

High-middle SDI 
Eastern 
Mediterranean 

Libya 
8.52 (5.61-
12.72) 

Mild 
6.07 (3.95-
9.21) 

Mild 4.25 (2.73-6.55) Mild 6.34 (4.14-9.58) Mild 

Low-middle SDI 
Eastern 
Mediterranean 

Morocco 
17.63 (14.13-
21.77) 

Moderate 
12.94 (10.25-
16.23) 

Moderate 
9.24 (7.18-
11.81) 

Mild 
13.42 (10.64-
16.78) 

Moderate 

Low-middle SDI 
Eastern 
Mediterranean 

Sudan 
21.86 (17.82-
26.54) 

Moderate 
16.09 (12.94-
19.86) 

Moderate 
11.60 (9.15-
14.61) 

Mild 
16.88 (13.61-
20.76) 

Moderate 

Middle SDI 
Eastern 
Mediterranean 

Tunisia 
10.37 (7.22-
14.66) 

Mild 
7.46 (5.13-
10.71) 

Mild 5.20 (3.53-7.6) Mild 
7.87 (5.43-
11.26) 

Mild 

Middle SDI Africa 
Western 
Sahara 

10.34 (7.33-
14.38) 

Mild 
7.43 (5.20-
10.49) 

Mild 5.20 (3.59-7.47) Mild 
7.77 (5.46-
10.94) 

Mild 

Middle SDI Europe Armenia 
9.82 (6.67-
14.23) 

Mild 
7.01 (4.71-
10.33) 

Mild 4.92 (3.26-7.36) Mild 
7.37 (4.96-
10.81) 

Mild 

Middle SDI Europe Azerbaijan 
10.27 (7.03-
14.75) 

Mild 
7.40 (5.01-
10.8) 

Mild 5.14 (3.43-7.63) Mild 
7.82 (5.31-
11.37) 

Mild 

High-middle SDI 
Eastern 
Mediterranean 

Bahrain 
6.87 (4.22-
10.96) 

Mild 
4.90 (2.98-
7.93) 

Mild 3.39 (2.04-5.59) Mild 5.16 (3.15-8.32) Mild 

High-middle SDI Europe Georgia 
9.37 (6.24-
13.85) 

Mild 
6.71 (4.41-
10.06) 

Mild 4.68 (3.04-7.15) Mild 
7.06 (4.66-
10.56) 

Mild 

Middle SDI 
Eastern 
Mediterranean 

Iraq 
10.39 (7.24-
14.67) 

Mild 
7.45 (5.13-
10.68) 

Mild 5.21 (3.54-7.61) Mild 
7.87 (5.44-
11.24) 

Mild 

High-middle SDI Europe Israel 
5.40 (3.04-

9.40) 
Mild 

3.80 (2.12-

6.72) 
Mild 2.63 (1.45-4.72) None 4.04 (2.26-7.10) Mild 

High-middle SDI 
Eastern 
Mediterranean 

Jordan 
7.46 (4.74-
11.53) 

Mild 
5.29 (3.33-
8.31) 

Mild 3.70 (2.30-5.91) Mild 5.49 (3.46-8.59) Mild 

High-middle SDI 
Eastern 
Mediterranean 

Lebanon 
8.34 (5.50-
12.44) 

Mild 
5.93 (3.87-
8.99) 

Mild 4.14 (2.66-6.37) Mild 6.14 (4.01-9.27) Mild 

High-middle SDI 
Eastern 
Mediterranean 

Oman 
6.08 (3.54-
10.23) 

Mild 
4.27 (2.47-
7.30) 

Mild 2.97 (1.69-5.15) None 4.74 (2.74-8.04) Mild 

High-middle SDI 
Eastern 

Mediterranean 
Saudi Arabia 

5.49 (3.08-

9.59) 
Mild 

3.87 (2.15-

6.87) 
Mild 2.69 (1.48-4.83) None 4.12 (2.30-7.27) Mild 

Low-middle SDI 
Eastern 
Mediterranean 

State of 
Palestine 

14.45 (11.2-
18.44) 

Moderate 
10.51 (8.04-
13.61) 

Mild 7.45 (5.61-9.83) Mild 
11.08 (8.50-
14.30) 

Mild 

Middle SDI 
Eastern 
Mediterranean 

Syrian Arab 
Republic 

13.64 (10.21-
17.99) 

Moderate 
9.74 (7.20-
13.06) 

Mild 6.92 (5.03-9.44) Mild 
10.21 (7.56-
13.63) 

Mild 



28 
 

Development 

region 
WHO region Country 

0-5 years 6-12 years 13-18 years 0-18 years 

Prevalence 

(%) 
Significance 

Prevalence 

(%) 
Significance Prevalence (%) Significance Prevalence (%) Significance 

High-middle SDI Europe Turkey 
7.28 (4.50-
11.57) 

Mild 
5.15 (3.15-
8.30) 

Mild 3.58 (2.16-5.87) Mild 5.32 (3.26-8.55) Mild 

Low SDI 
Eastern 
Mediterranean 

Yemen 
31.34 (25.21-
38.24) 

Severe 
23.89 (18.82-
29.85) 

Moderate 
17.66 (13.58-
22.66) 

Moderate 
24.76 (19.60-
30.79) 

Moderate 

High-middle SDI Europe Kazakhstan 
8.61 (5.54-
13.14) 

Mild 
6.15 (3.92-
9.54) 

Mild 4.30 (2.71-6.78) Mild 
6.66 (4.26-
10.27) 

Mild 

Low-middle SDI Europe Kyrgyzstan 
15.69 (12.06-
20.19) 

Moderate 
11.49 (8.73-
15.00) 

Mild 
8.09 (6.04-
10.77) 

Mild 
12.23 (9.32-
15.91) 

Mild 

Low-middle SDI Europe Tajikistan 
20.34 (16.4-
24.98) 

Moderate 
14.98 (11.93-
18.68) 

Moderate 
10.68 (8.34-
13.58) 

Mild 
16.03 (12.81-
19.90) 

Moderate 

Middle SDI Europe Turkmenistan 
10.99 (7.67-
15.50) 

Mild 
7.95 (5.49-
11.38) 

Mild 5.53 (3.76-8.06) Mild 
8.43 (5.84-
12.02) 

Mild 

Middle SDI Europe Uzbekistan 
13.12 (9.67-
17.56) 

Mild 
9.44 (6.88-
12.83) 

Mild 6.65 (4.77-9.20) Mild 
10.00 (7.31-
13.54) 

Mild 

Low SDI 
Eastern 
Mediterranean 

Afghanistan 
40.32 (31.28-
50.24) 

Severe 
31.47 (23.69-
40.56) 

Severe 
23.86 (17.42-
31.84) 

Moderate 
32.31 (24.48-
41.36) 

Severe 

Low-middle SDI 
South-East 
Asia 

Bangladesh 
24.37 (19.97-
29.41) 

Moderate 
18.08 (14.59-
22.20) 

Moderate 
13.13 (10.38-
16.48) 

Moderate 
18.37 (14.84-
22.52) 

Moderate 

Low-middle SDI 
South-East 
Asia 

Bhutan 
26.72 (21.83-
32.28) 

Severe 
19.92 (15.99-
24.54) 

Moderate 
14.57 (11.45-
18.38) 

Moderate 
20.20 (16.25-
24.83) 

Moderate 

Low-middle SDI 
South-East 
Asia 

India 
17.90 (14.15-
22.39) 

Moderate 
12.95 (10.11-
16.46) 

Moderate 
9.27 (7.11-
12.00) 

Mild 
13.24 (10.35-
16.79) 

Moderate 

Middle SDI 
Eastern 

Mediterranean 

Iran (Islamic 

Republic of) 

10.32 (7.21-

14.55) 
Mild 

7.35 (5.08-

10.53) 
Mild 5.16 (3.51-7.51) Mild 

7.83 (5.42-

11.17) 
Mild 

Low-middle SDI 
South-East 
Asia 

Maldives 
17.82 (14.14-
22.23) 

Moderate 
13.06 (10.24-
16.54) 

Moderate 
9.26 (7.13-
11.96) 

Mild 
13.75 (10.80-
17.35) 

Moderate 

Low SDI 
South-East 
Asia 

Nepal 
31.75 (25.65-
38.63) 

Severe 
23.99 (19.00-
29.87) 

Moderate 
17.70 (13.69-
22.61) 

Moderate 
24.11 (19.13-
29.96) 

Moderate 

Low SDI 
Eastern 
Mediterranean 

Pakistan 
27.70 (22.60-
33.5) 

Severe 
20.80 (16.67-
25.66) 

Moderate 
15.21 (11.93-
19.21) 

Moderate 
21.64 (17.41-
26.58) 

Moderate 

High-middle SDI 
South-East 

Asia 
Sri Lanka 

11.13 (7.54-

16.15) 
Mild 

7.89 (5.29-

11.63) 
Mild 5.55 (3.67-8.32) Mild 

8.17 (5.49-

12.01) 
Mild 

Middle SDI Western Pacific China 
10.01 (6.83-
14.45) 

Mild 
7.13 (4.81-
10.46) 

Mild 5.00 (3.32-7.45) Mild 7.39 (5.00-10.8) Mild 

Middle SDI Western Pacific 
China, Hong 
Kong SAR 

8.94 (6.10-
12.89) 

Mild 
6.31 (4.25-
9.24) 

Mild 4.40 (2.93-6.57) Mild 6.71 (4.54-9.80) Mild 
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Development 

region 
WHO region Country 

0-5 years 6-12 years 13-18 years 0-18 years 

Prevalence 

(%) 
Significance 

Prevalence 

(%) 
Significance Prevalence (%) Significance Prevalence (%) Significance 

Middle SDI Western Pacific 
China, Macao 
SAR 

8.86 (6.04-
12.79) 

Mild 
6.38 (4.31-
9.35) 

Mild 4.39 (2.92-6.55) Mild 
6.88 (4.65-
10.03) 

Mild 

Low-middle SDI 
South-East 
Asia 

Dem. People's 
Republic of 
Korea 

17.07 (13.59-
21.22) 

Moderate 
12.40 (9.75-
15.66) 

Mild 
8.84 (6.82-
11.38) 

Mild 
12.67 (9.97-
15.97) 

Mild 

Low-middle SDI Western Pacific Mongolia 
13.75 (10.45-

17.88) 
Moderate 

10.03 (7.53-

13.23) 
Mild 7.06 (5.22-9.50) Mild 

10.79 (8.13-

14.18) 
Mild 

Low-middle SDI Western Pacific Cambodia 
26.66 (21.83-
32.17) 

Severe 
19.93 (16.06-
24.50) 

Moderate 
14.51 (11.45-
18.23) 

Moderate 
20.68 (16.72-
25.33) 

Moderate 

Middle SDI 
South-East 
Asia 

Indonesia 
11.35 (8.04-
15.79) 

Mild 
8.14 (5.70-
11.49) 

Mild 5.71 (3.94-8.20) Mild 
8.41 (5.90-
11.85) 

Mild 

Low-middle SDI Western Pacific 
Lao People's 
Democratic 
Republic 

23.92 (19.59-
28.88) 

Moderate 
17.71 (14.29-
21.75) 

Moderate 
12.84 (10.16-
16.12) 

Moderate 
18.30 (14.81-
22.42) 

Moderate 

High-middle SDI Western Pacific Malaysia 
7.65 (4.81-
11.94) 

Mild 
5.39 (3.36-
8.55) 

Mild 3.75 (2.30-6.04) Mild 5.58 (3.48-8.82) Mild 

Low-middle SDI 
South-East 
Asia 

Myanmar 
21.58 (17.55-
26.26) 

Moderate 
15.78 (12.66-
19.52) 

Moderate 
11.39 (8.96-
14.38) 

Mild 
16.04 (12.88-
19.80) 

Moderate 

Middle SDI Western Pacific Philippines 
13.61 (10.13-
18.05) 

Moderate 
9.83 (7.23-
13.24) 

Mild 6.94 (5.03-9.52) Mild 
10.15 (7.48-
13.63) 

Mild 

Middle SDI 
South-East 
Asia 

Thailand 
10.27 (6.99-
14.84) 

Mild 
7.28 (4.90-
10.69) 

Mild 5.11 (3.39-7.63) Mild 
7.40 (4.99-
10.84) 

Mild 

Low-middle SDI 
South-East 

Asia 
Timor-Leste 

22.26 (18.15-

27.02) 
Moderate 

16.28 (13.09-

20.08) 
Moderate 

11.75 (9.27-

14.8) 
Mild 

16.92 (13.64-

20.82) 
Moderate 

Middle SDI Western Pacific Viet Nam 
14.44 (10.83-
19.01) 

Moderate 
10.39 (7.70-
13.89) 

Mild 
7.35 (5.36-
10.00) 

Mild 
10.91 (8.10-
14.53) 

Mild 

High-middle SDI Americas 
Antigua and 
Barbuda 

8.68 (5.40-
13.67) 

Mild 
6.13 (3.78-
9.81) 

Mild 4.26 (2.59-6.92) Mild 
6.38 (3.94-
10.17) 

Mild 

Middle SDI Americas Aruba 
13.45 (9.91-
18) 

Mild 
9.50 (6.92-
12.92) 

Mild 6.75 (4.84-9.35) Mild 
9.66 (7.05-
13.12) 

Mild 

High-middle SDI Americas Bahamas 
5.78 (3.29-

9.93) 
Mild 

4.00 (2.26-

6.99) 
Mild 2.80 (1.56-4.96) None 4.09 (2.31-7.12) Mild 

High-middle SDI Americas Barbados 
8.57 (5.35-
13.47) 

Mild 
6.00 (3.70-
9.59) 

Mild 4.20 (2.56-6.82) Mild 6.09 (3.76-9.71) Mild 

Middle SDI Americas Cuba 
10.27 (7.19-
14.44) 

Mild 
7.37 (5.10-
10.52) 

Mild 5.15 (3.52-7.49) Mild 
7.53 (5.22-
10.73) 

Mild 
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Development 

region 
WHO region Country 

0-5 years 6-12 years 13-18 years 0-18 years 

Prevalence 

(%) 
Significance 

Prevalence 

(%) 
Significance Prevalence (%) Significance Prevalence (%) Significance 

Middle SDI Americas Curaçao 
11.55 (8.51-
15.47) 

Mild 
8.33 (6.07-
11.33) 

Mild 5.89 (4.22-8.15) Mild 
8.44 (6.15-
11.45) 

Mild 

Low-middle SDI Americas 
Dominican 
Republic 

13.96 (10.78-
17.89) 

Moderate 
10.09 (7.69-
13.13) 

Mild 7.16 (5.37-9.50) Mild 
10.44 (7.97-
13.54) 

Mild 

Middle SDI Americas Grenada 
11.59 (8.11-
16.32) 

Mild 
8.28 (5.73-
11.85) 

Mild 5.81 (3.96-8.46) Mild 
8.70 (6.03-
12.39) 

Mild 

Middle SDI Americas Guadeloupe 
11.35 (8.37-
15.20) 

Mild 
7.99 (5.81-
10.87) 

Mild 5.70 (4.09-7.89) Mild 
8.06 (5.88-
10.95) 

Mild 

Low SDI Americas Haiti 
27.70 (22.47-
33.61) 

Severe 
20.92 (16.65-
25.94) 

Moderate 
15.39 (11.98-
19.56) 

Moderate 
21.48 (17.15-
26.54) 

Moderate 

Middle SDI Americas Jamaica 
10.26 (7.02-
14.76) 

Mild 
7.31 (4.94-
10.68) 

Mild 5.10 (3.40-7.59) Mild 
7.53 (5.10-
10.97) 

Mild 

Middle SDI Americas Martinique 
11.71 (8.64-
15.68) 

Mild 
8.24 (6.00-
11.21) 

Mild 5.88 (4.21-8.13) Mild 
8.30 (6.05-
11.28) 

Mild 

Middle SDI Americas Saint Lucia 
12.11 (8.46-
17.08) 

Mild 
8.63 (5.95-
12.36) 

Mild 6.03 (4.10-8.78) Mild 
8.75 (6.05-
12.51) 

Mild 

Middle SDI Americas 
Saint Vincent 
and the 
Grenadines 

13.18 (9.76-
17.56) 

Mild 
9.48 (6.94-
12.83) 

Mild 6.68 (4.82-9.21) Mild 
9.63 (7.06-
13.01) 

Mild 

High-middle SDI Americas 
Trinidad and 
Tobago 

7.49 (4.56-
12.07) 

Mild 
5.29 (3.19-
8.66) 

Mild 3.69 (2.20-6.14) Mild 5.48 (3.31-8.94) Mild 

High-middle SDI Americas 
United States 
Virgin Islands 

5.41 (3.06-
9.35) 

Mild 
3.81 (2.14-
6.68) 

Mild 2.65 (1.47-4.73) None 3.90 (2.19-6.83) Mild 

Low-middle SDI Americas Belize 
14.92 (11.37-
19.33) 

Moderate 
10.75 (8.10-
14.15) 

Mild 
7.61 (5.64-
10.20) 

Mild 
11.07 (8.35-
14.53) 

Mild 

Middle SDI Americas Costa Rica 
9.68 (6.66-
13.85) 

Mild 
6.89 (4.69-
10.02) 

Mild 4.83 (3.24-7.14) Mild 
7.10 (4.84-
10.29) 

Mild 

Low-middle SDI Americas El Salvador 
15.53 (12.21-
19.54) 

Moderate 
11.25 (8.73-
14.37) 

Mild 
8.01 (6.11-
10.43) 

Mild 
11.55 (8.98-
14.72) 

Mild 

Low-middle SDI Americas Guatemala 
19.96 (16.20-
24.35) 

Moderate 
14.64 (11.72-
18.14) 

Moderate 
10.52 (8.26-
13.30) 

Mild 
15.10 (12.11-
18.66) 

Moderate 

Low-middle SDI Americas Honduras 
21.95 (17.97-
26.53) 

Moderate 
16.18 (13.06-
19.89) 

Moderate 
11.73 (9.27-
14.72) 

Mild 
16.54 (13.37-
20.29) 

Moderate 

Middle SDI Americas Mexico 
11.06 (7.96-
15.16) 

Mild 
7.91 (5.63-
11.01) 

Mild 5.57 (3.90-7.89) Mild 
8.16 (5.81-
11.32) 

Mild 
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Development 
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(%) 
Significance Prevalence (%) Significance Prevalence (%) Significance 

Low-middle SDI Americas Nicaragua 
20.19 (16.45-
24.54) 

Moderate 
14.88 (11.95-
18.37) 

Moderate 
10.72 (8.45-
13.51) 

Mild 
15.36 (12.36-
18.92) 

Moderate 

Middle SDI Americas Panama 
9.82 (6.70-
14.17) 

Mild 
6.99 (4.71-
10.24) 

Mild 4.89 (3.25-7.30) Mild 
7.29 (4.92-
10.64) 

Mild 

High-middle SDI Americas Argentina 
8.27 (5.45-
12.33) 

Mild 
5.87 (3.82-
8.88) 

Mild 4.10 (2.64-6.31) Mild 6.10 (3.99-9.21) Mild 

Low-middle SDI Americas 
Bolivia 
(Plurinational 
State of) 

16.13 (12.75-
20.18) 

Moderate 
11.72 (9.15-
14.89) 

Mild 
8.36 (6.42-
10.83) 

Mild 
12.10 (9.46-
15.33) 

Mild 

Middle SDI Americas Brazil 
11.27 (8.21-
15.26) 

Mild 
8.06 (5.80-
11.08) 

Mild 5.67 (4.02-7.94) Mild 
8.23 (5.93-
11.30) 

Mild 

High-middle SDI Americas Chile 
6.67 (4.04-
10.78) 

Mild 
4.72 (2.83-
7.74) 

Mild 3.28 (1.94-5.47) None 4.85 (2.92-7.95) Mild 

Middle SDI Americas Colombia 
11.83 (8.70-

15.88) 
Mild 

8.45 (6.14-

11.52) 
Mild 5.96 (4.26-8.28) Mild 

8.62 (6.27-

11.73) 
Mild 

Middle SDI Americas Ecuador 
12.12 (8.83-
16.42) 

Mild 
8.68 (6.25-
11.94) 

Mild 6.11 (4.33-8.55) Mild 
9.02 (6.50-
12.36) 

Mild 

High-middle SDI Americas French Guiana 
8.03 (5.18-
12.21) 

Mild 
5.65 (3.61-
8.73) 

Mild 3.94 (2.49-6.2) Mild 5.98 (3.83-9.20) Mild 

Middle SDI Americas Guyana 
14.78 (11.07-
19.47) 

Moderate 
10.65 (7.88-
14.25) 

Mild 
7.50 (5.46-
10.22) 

Mild 
10.96 (8.12-
14.63) 

Mild 

Middle SDI Americas Paraguay 
12.30 (8.99-
16.62) 

Mild 
8.80 (6.35-
12.07) 

Mild 6.21 (4.41-8.67) Mild 
9.13 (6.60-
12.49) 

Mild 

Middle SDI Americas Peru 
11.26 (8.12-
15.40) 

Mild 
7.99 (5.69-
11.11) 

Mild 5.65 (3.97-8.00) Mild 
8.36 (5.97-
11.58) 

Mild 

Middle SDI Americas Suriname 
12.24 (8.96-
16.49) 

Mild 
8.78 (6.35-
12.01) 

Mild 6.19 (4.41-8.62) Mild 
9.08 (6.58-
12.39) 

Mild 

High-middle SDI Americas Uruguay 
8.58 (5.75-
12.58) 

Mild 
6.09 (4.04-
9.07) 

Mild 4.25 (2.78-6.45) Mild 6.28 (4.17-9.33) Mild 

Low-middle SDI Americas 
Venezuela 
(Bolivarian 

Republic of) 

12.79 (9.71-
16.65) 

Mild 
9.29 (6.97-
12.28) 

Mild 6.59 (4.86-8.87) Mild 
9.50 (7.14-
12.54) 

Mild 

Middle SDI Western Pacific Fiji 
11.17 (7.87-
15.62) 

Mild 
7.98 (5.56-
11.33) 

Mild 5.61 (3.85-8.11) Mild 
8.38 (5.85-
11.86) 

Mild 

Low SDI Western Pacific 
New 
Caledonia 

24.63 (20.1-
29.78) 

Severe 
18.52 (14.86-
22.83) 

Moderate 
13.54 (10.63-
17.09) 

Moderate 
18.78 (15.09-
23.10) 

Moderate 
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Low SDI Western Pacific 
Papua New 
Guinea 

35.59 (28.38-
43.66) 

Severe 
27.23 (21.22-
34.29) 

Severe 
20.26 (15.39-
26.25) 

Moderate 
28.04 (21.96-
35.14) 

Severe 

Low SDI Western Pacific 
Solomon 
Islands 

33.09 (26.56-
40.43) 

Severe 
25.30 (19.88-
31.67) 

Moderate 
18.69 (14.33-
24.04) 

Moderate 
26.47 (20.92-
32.94) 

Severe 

Low-middle SDI Western Pacific Vanuatu 
25.14 (20.60-
30.34) 

Severe 
18.63 (15.04-
22.88) 

Moderate 
13.58 (10.75-
17.04) 

Moderate 
19.59 (15.87-
23.97) 

Moderate 

Low-middle SDI Western Pacific Kiribati 
19.68 (15.97-
24.02) 

Moderate 
14.44 (11.56-
17.90) 

Moderate 
10.41 (8.18-
13.17) 

Mild 
15.28 (12.27-
18.88) 

Moderate 

Low-middle SDI Western Pacific 
Micronesia 
(Fed. States 
of) 

17.50 (13.67-
22.16) 

Moderate 
12.64 (9.75-
16.26) 

Mild 9.00 (6.82-11.8) Mild 
13.09 (10.11-
16.79) 

Moderate 

Low SDI Western Pacific 
French 
Polynesia 

25.55 (20.86-
30.88) 

Severe 
18.96 (15.21-
23.39) 

Moderate 
13.98 (10.97-
17.64) 

Moderate 
19.29 (15.50-
23.73) 

Moderate 

Middle SDI Western Pacific Samoa 
13.83 (10.06-

18.74) 
Moderate 

9.87 (7.10-

13.59) 
Mild 6.98 (4.94-9.78) Mild 

10.54 (7.60-

14.45) 
Mild 

Middle SDI Western Pacific Tonga 
13.84 (10.13-
18.64) 

Moderate 
9.93 (7.19-
13.59) 

Mild 7.02 (5.00-9.77) Mild 
10.30 (7.47-
14.06) 

Mild 

High-middle SDI Europe Belarus 
7.26 (4.51-
11.48) 

Mild 
5.21 (3.20-
8.35) 

Mild 3.61 (2.19-5.88) Mild 5.48 (3.38-8.76) Mild 

High-middle SDI Europe Bulgaria 
6.80 (4.09-
11.09) 

Mild 
4.77 (2.84-
7.89) 

Mild 3.35 (1.97-5.63) None 4.94 (2.95-8.16) Mild 

High-middle SDI Europe Hungary 
6.12 (3.51-
10.43) 

Mild 
4.26 (2.42-
7.38) 

Mild 2.97 (1.67-5.22) None 4.41 (2.51-7.60) Mild 

High-middle SDI Europe Poland 
6.02 (3.39-
10.46) 

Mild 
4.21 (2.35-
7.42) 

Mild 2.93 (1.62-5.25) None 4.40 (2.46-7.73) Mild 

High-middle SDI Europe 
Republic of 
Moldova 

10.10 (6.78-
14.79) 

Mild 
7.2 (4.78-
10.71) 

Mild 5.04 (3.30-7.62) Mild 
7.45 (4.95-
11.04) 

Mild 

High-middle SDI Europe Romania 
7.41 (4.49-
12.00) 

Mild 
5.18 (3.10-
8.52) 

Mild 3.63 (2.15-6.07) Mild 5.35 (3.21-8.77) Mild 

High-middle SDI Europe 
Russian 
Federation 

5.66 (3.17-
9.88) 

Mild 
4.00 (2.22-
7.08) 

Mild 2.77 (1.52-4.98) None 4.25 (2.37-7.51) Mild 

High-middle SDI Europe Ukraine 
7.80 (4.91-
12.15) 

Mild 
5.55 (3.46-
8.79) 

Mild 3.89 (2.39-6.25) Mild 5.78 (3.61-9.12) Mild 

Middle SDI Europe Albania 
10.21 (7.02-
14.63) 

Mild 
7.28 (4.95-
10.59) 

Mild 5.07 (3.39-7.50) Mild 
7.39 (5.03-
10.73) 

Mild 
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High-middle SDI Europe 
Bosnia and 
Herzegovina 

8.99 (5.83-
13.61) 

Mild 
6.37 (4.09-
9.80) 

Mild 4.47 (2.83-6.98) Mild 6.47 (4.15-9.93) Mild 

High-middle SDI Europe Croatia 
6.26 (3.58-
10.73) 

Mild 
4.40 (2.49-
7.65) 

Mild 3.06 (1.71-5.40) None 4.53 (2.57-7.87) Mild 

High-middle SDI Europe Greece 
5.85 (3.34-
10.02) 

Mild 
4.09 (2.32-
7.12) 

Mild 2.86 (1.60-5.05) None 4.15 (2.35-7.21) Mild 

High-middle SDI Europe Italy 
5.81 (3.28-
10.08) 

Mild 
4.08 (2.28-
7.19) 

Mild 2.84 (1.57-5.08) None 4.16 (2.33-7.30) Mild 

High-middle SDI Europe Malta 
5.41 (3.05-
9.38) 

Mild 
3.80 (2.13-
6.69) 

Mild 2.63 (1.45-4.69) None 3.97 (2.22-6.96) Mild 

High-middle SDI Europe Montenegro 
6.19 (3.56-
10.55) 

Mild 
4.32 (2.46-
7.48) 

Mild 3.01 (1.69-5.29) None 4.47 (2.54-7.71) Mild 

High-middle SDI Europe 
North 
Macedonia 

7.83 (4.87-
12.35) 

Mild 
5.54 (3.41-
8.87) 

Mild 3.84 (2.34-6.26) Mild 5.69 (3.51-9.10) Mild 

High-middle SDI Europe Portugal 
7.67 (4.78-
12.09) 

Mild 
5.40 (3.33-
8.64) 

Mild 3.78 (2.30-6.14) Mild 5.46 (3.37-8.71) Mild 

High-middle SDI Europe Serbia 
7.12 (4.26-
11.67) 

Mild 
4.98 (2.95-
8.29) 

Mild 3.48 (2.04-5.88) Mild 5.07 (3.01-8.42) Mild 

High-middle SDI Europe Spain 
6.59 (3.94-
10.79) 

Mild 
4.62 (2.74-
7.69) 

Mild 3.24 (1.90-5.48) None 4.75 (2.82-7.88) Mild 

Note: SDI=Socio-demographic Index; WHO=the World Health Organization.
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Figure S1. Contributing data sources across world regions 

Note: H-SDI= high- socio-demographic index, including countries with SDI≥0.805; LM-SDI= low- 

and middle- socio-demographic index, including high-middle SDI, low-middle SDI, low SDI countries 

with an SDI <0.805.  
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Figure S2. The relations of age and prevalence of VAD and mVAD, by SDI 

Note: SDI=Socio-demographic Index; VAD= Vitamin A Deficiency; mVAD= Marginal Vitamin A 

Deficiency. 
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eMethods. The detailed description of stages in the national estimation of VAD or mVAD 

prevalence in LMICs 

This section is a supplement to the Methods part in the main text.  

Stage 1: Search strategy and selection criteria: identifying all epidemiological studies that reported 

prevalence of VAD/mVD in the general paediatric population using multiple data sources  

Stage 2: Extracting data points of prevalence from the included studies  

Stage 3: Epidemiological modelling of the prevalence of VAD and mVAD in children 

Due to the hierarchical structure of extracted data, we applied a multilevel mixed-effects meta-

regression approach to establish the regression models of VAD and mVAD prevalence. The effect of 

data points clustering from the same study was controlled by adding the study identification and 

country identification into the regression model as the random effect (𝑢𝑖).
[117] 

Given that:  

prevalence = p =
(𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑎𝑠𝑒𝑠)

(𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡𝑠)
 

Then, the prevalence was stabilized with the logit link, 

logit(p) = ln(
𝑝

1 − 𝑝
) = ln(𝑜𝑑𝑑𝑠) = 𝛼 + 𝛽1 ∗ 𝑥1 + 𝛽2 ∗ 𝑥2 + ⋯ 𝛽𝑛 ∗ 𝑥𝑛 + 𝑢𝑖 

Thus,  

𝑜𝑑𝑑𝑠 =
𝑝

1 − 𝑝
= 𝑒(𝛼+𝛽1∗𝑥1+𝛽2∗𝑥2+⋯𝛽𝑛∗𝑥𝑛+𝑢𝑖) 

And,  

𝑝𝑟𝑒𝑣𝑎𝑙𝑒𝑛𝑐𝑒 = 𝑝 =
𝑒(𝛼+𝛽1∗𝑥1+𝛽2∗𝑥2+⋯𝛽𝑛∗𝑥𝑛+𝑢𝑖)

1 + 𝑒(𝛼+𝛽1∗𝑥1+𝛽2∗𝑥2+⋯𝛽𝑛∗𝑥𝑛+𝑢𝑖)
 

𝑥1 − 𝑥𝑛 were cluster-level variables, including age, sex (boys vs girls) or the proportion of girl (or the 

proportion of boy), setting (rural vs urban), investigation site (community-based or facility-based 

[school-based and health check-ups]), SDI (categorical as high-middle SDI vs low-middle and low 

SDI), WHO region, investigation period (categorical as before 2000, 2000-2009, 2010 and later), 

retinol test method. The associations of cluster-level variables were first examined using an age-

adjusted meta-regression are shown in Table S4 in the Online Supplementary Document. The 

prevalence of VAD was found to be negatively associated with age and SDI, decreased in recent 

decades, and higher among boys (than among girls), in rural areas (than in urban areas), in low-middle 
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and low SDI region (than in high-middle SDI region), in AFR (than in WPR). While the prevalence of 

mVAD significantly decreased with increased age, and was higher in rural areas (than in urban areas). 

Bases on expertise, we included age and SDI as covariates in the regression models of VAD/mVAD 

prevalence. Therefore, 

logit(p) = 𝛼 + 𝛽1 ∗ 𝐴𝑔𝑒 + 𝛽2 ∗ 𝑆𝐷𝐼 + 𝑢𝑖 

Then, 

prevalence of VAD/mVAD = 𝑝 =
𝑒(𝛼+𝛽1∗𝐴𝑔𝑒+𝛽2∗𝑆𝐷𝐼+𝑢𝑖)

1 + 𝑒(𝛼+𝛽1∗𝐴𝑔𝑒+𝛽2∗𝑆𝐷𝐼+𝑢𝑖)
=

(𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑉𝐴𝐷 𝑜𝑟 𝑚𝑉𝐴𝐷 𝑐𝑎𝑠𝑒𝑠)

(𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡𝑠)
 

The graphical relation of age and prevalence of VAD and mVAD by SDI was demonstrated in Figure 

S2 in the Online Supplementary Document.  

Stage 4: Estimation of the national prevalence of VAD and mVAD in children in 2019 

Based on the above models, the age- and SDI-specific prevalence estimates of VAD and mVAD were 

respectively estimated. First, the total numbers of children affected by VAD and mVAD (“VAD 

envelope” and “mVAD envelope”) in LMICs were respectively calculated by multiplying the estimated 

age- and SDI-specific prevalence rates by the corresponding paediatric populations in 2019, obtained 

from the United Nations Population Division.[118] As shown in Table S4 in the Online Supplementary 

Document, the prevalence of VAD and mVAD was higher in rural areas than in urban areas, to take 

into account this effect of urbanization, the odds ratios (OR) of being in urban areas (vs in rural areas) 

for VAD and mVAD as generated in stage 3 were obtained, and a risk-factor-based model was used to 

distribute the total numbers of children affected by VAD and mVAD in LMICs into the 165 LMIC 

nations[119,120] , by using the formula as follows: 

𝑁𝑐𝑜𝑢𝑛𝑡𝑟𝑦 = (𝑃𝑜𝑝𝑐𝑜𝑢𝑛𝑡𝑟𝑦) × (𝑃𝑟𝑒𝑣𝑉𝐴𝐷/𝑚𝑉𝐴𝐷𝐿𝑀𝐼𝐶𝑠
) × [1 + (𝑃𝑟𝑒𝑣𝑢𝑟𝑏𝑎𝑛𝑖𝑧𝑎𝑡𝑖𝑜𝑛𝑐𝑜𝑢𝑛𝑡𝑟𝑦

− 𝑃𝑟𝑒𝑣𝑢𝑟𝑏𝑎𝑛𝑖𝑧𝑎𝑡𝑖𝑜𝑛𝐿𝑀𝐼𝐶𝑠
) × (𝑂𝑅𝑢𝑟𝑏𝑎𝑛𝑖𝑧𝑎𝑡𝑖𝑜𝑛𝐿𝑀𝐼𝐶𝑠

− 1)] 

Where 𝑁𝑐𝑜𝑢𝑛𝑡𝑟𝑦and 𝑃𝑜𝑝𝑐𝑜𝑢𝑛𝑡𝑟𝑦 are the number of VAD/mVAD cases and population size in children 

aged 18 years or younger in each country or territory. 𝑃𝑟𝑒𝑣𝑉𝐴𝐷/𝑚𝑉𝐴𝐷𝐿𝑀𝐼𝐶𝑠
 indicates the estimated 

prevalence of VAD or mVAD in LMICs where this country belongs. 𝑃𝑟𝑒𝑣𝑢𝑟𝑏𝑎𝑛𝑖𝑧𝑎𝑡𝑖𝑜𝑛𝑐𝑜𝑢𝑛𝑡𝑟𝑦
 and 

𝑃𝑟𝑒𝑣𝑢𝑟𝑏𝑎𝑛𝑖𝑧𝑎𝑡𝑖𝑜𝑛𝐿𝑀𝐼𝐶𝑠
 are the prevalence rates of urbanization in each country and in LMICs. 

𝑂𝑅𝑢𝑟𝑏𝑎𝑛𝑖𝑧𝑎𝑡𝑖𝑜𝑛𝐿𝑀𝐼𝐶𝑠
 is the estimated OR of urbanization (urban areas vs rural areas) in LMICs. Finally, 
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the national prevalence of VAD and mVAD was generated by dividing the number of VAD and 

mVAD cases by the corresponding paediatric population in 2019. 
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